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RECOMMENDATIONS OF THE WORK. 



I. — By the Astronomer Royal. 

The mathematical part, as far as I see, is correct to terms of the second order^ inclusively : 
wliich is the proper limit for Lunar calculations. 

The practical application of the Eirst Method is easy enough. It is more accurate than 
Mrs. Taylor's method ; and the increase of trouble is so little that I should think any good 
navigator would prefer it : I would do so myself, 

lam well satisfied with your First Method; and, I think, it may safely be used for lower 
altitudes than you have proposed* 

(Signed) G. B. AIRY. 

Note, — ^The above was written by Professor Airt in 1839, when a specimen of the Tables was 
published, extending only to Altitudes of 15^; whereas they now extend to Altitudes of 7^. Professor 
A.'s remark regarding the present method being more accurate than Mrs. Taylor's method, equally applies 
to the similar methods of Thomson and others, as they are all founded on the same principles. j, q^ 



n. — Certificate mmeroualy dgned by Experienced Commanders of Vessels, 

We, the undersigned, having examined a. specimen of Lunar and Time Tables, by James 
GoBJ)ON, AM., containing methods for correcting a Lunar Distance, and a method of finding 
the Time at Sea : Certify, that, in as far as known to us, these methods are new; and, that they 
win, in our opinion, be highly useful in conducting the calculations for finding the Longitude 
at Sea. 

As the first two Lunar methods are short, and do not require proportional parts, a knowledge 
of them may soon be acquired ; and the correcting a Lunar Distcmce by means of them will be 
an easy and brief process. 

The method of finding the Time at Sea is the shortest and easiest of any known to us. 

We, therefore, cordially testify that tlie Tables will be an important acquisition to practical 
Navigators. 



III. — Letter from Admibal Sie Aethub Farquhae. 

Absence from home must plead my apology for having so long delayed replying to your letter 
of the 20th ult., which you did me the honour to address to me on the subject of finding the 
Longitude by Lunar Distances, accompanied by a specimen of your Lunar Tables. 

I have no hesitation in saying that, with practical seamen, in working Lunar observations, 
brevity is of the utmost consideration ; provided correctness can be, at same time, secured ; and 
which, in my opinion, your method completely accomplishes. 

(Signed) ARTHUR FARQUHAR. 
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VI 

TV. — Letter from Lieutenant Beid^ E.N., 

{One of the Officers in Captain Passy's expedition to discover the North West Passage), 

I HAVE examined your method of clearing a Lunar Distance, having applied it to several of my 
observations, and found the results were very correct and satisfactory. 

I am much pleased with your new method, as being so plain, short, and correct ; also of its 
requiring no proportioning, the operation being conducted by inspection, and the common 
Logarithms extended to only four places of decimab : properties of great importance to the 
practical navigator, from the great liability to err m using proportional parts. 

Tour method, by avoiding the use of a table of triple entry, such as that of Thomson and 
others, will be appreciated by practical seamen; and only requires to be known, to be univer- 
sally adopted by them. 

(Signed) ANDREW EEID. 



V. — Letter from George Graingeb^ Esq., late H.E.I.C.S. 

I HAVE carefully examined your method of working Lunar Distances, and have solved various 
examples by means of your Tables. I have no hesitation in saying that the method is, as far 
as I am aware, perfectly new; and possesses decided advantages over every other method with 
which I am acquainted. The method only requires the aid of a few special Tables, and the whole 
calculation is performed by inspection, and by means of the common Logarithmic tables, retaining 
only four places of decimals : it cannot, therefore, but recommend itself, at once, to practical 
seamen, from its extreme simplicity. 

Farther, your concise Tables give your method a decided advantage over such works as 
that of Mendoza Bios ; as also over those of Captain Thomson, Mrs. Taylor, &c., which contain 
a table of triple enlay. 

Tour method being sound m principle, easy of appUcaUon^ requiring no hesitation from the 
computer, and one which none can faQ to remember after solving a few examples : I believe I 
am only doing justice to yourself, and an essential service to seamen, in bearing the strongest 
testunony to its superiority over every other method which I have used or seen 



(Signed) GEORGE A. GRAINGER. 



VI. — Letter from Captain Anderson of Aberdeen, 

I HAVE with much pleasure examined your method of working Lunar Distances, by applying it 
to many examples deduced from my own observations ; and, by comparing the results deduced 
from the trigonometrical process with those obtained from your Tables, I have in every instance 
found your method gives an accurate and easy solution. 

Conceiving, therefore, that your method, by avoiding such troublesome triple entry Tables as 
that of Thomson and others, and giving a short s(^ution conducted entirely by inspection, will be 
acceptable to every practical seaman, I feel confident that, if once known, its merits will be 

generally appreciated. 

(Signed) ROBERT ANDERSON. 
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FORMULA FOR FINDING THE TIME. 



Latitude, 
Declination, 




(1) 
(2) 
(3) 




Ist arc, 
2d arc. 
True alt.. 


Half-cosine, 
Half-cosine, 
Half. sine, 






Sum of (1) and (2), 
Diff. of (1) and (3), 

Meridian distance, ^ 


m I 


P. Log. 
P. Log. 




Log. 



FORMULA FOR FIRST LUNAR METHOD- 



*'s app. alt., 
Ref.,(IV.), 


— 


>*8 app. alt., 
Dep., (I.), 

^'s cor. alt., 


+ 


>|c*8 cor. alt., 














Apparent distance, 

Aux. arc, (V.), '', gives, (VL), 

©*B, or planet's par., (VII.), 


+ 
+ 


// 




Corrected distance, 
5|c'8 corrected alt., 
})*8 hor. par.. 


/ 


Sine, 

Cosec, 

P.L., 


.... Tan., 

^'s cor. alt. Cosec, 

.... P. L., 


1st Dep., 


'' W., P. L., 


2d Dep., P. L., 


2d Dep., 
• • •» 


W., when dist. oftow 90®. 
E., when dist. hdow W\ 


Departure, 
Hor. par. " -\- cor., (VIIL), 




W., 




Corrected departure. 




, added to cor. dist. if E. ; but subtracte 


True distance, 
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PREFACE. 



/' 



Numerous methods having been proposed to perform the calculations in finding the 
Longitude at Sea by Chronometers and Lunar Distances^ the Author feels called 
upon to give his reasons for thinking that the present work will be found worthy 
of the patronage of practical Navigators, as being superior to the other works of a 
similar kind presently used by them. 

The common method of finding the Longitude by a Chronometee is not very 
complicated; but the new method here given is shorter, as it merely requires a Table 
of Half Sines and Half Cosines (Table XVII.), consisting of only 7 pages, and two 
logarithms taken from the common table of Proportional Logarithms, to find the 
logarithm of the apparent time, without using the Polar distance. The Author, 
therefore, flatters himself that it will be found to be the eamat and shortest method 
yet published. 

With regard to the methods of finding the Longitude fromLuNAE Distances, 
several methods are now in use. Those which give the Correction to be applied to 
the Apparent Distance, in order to obtain the True Distance, are the most highly 
esteemed by practical Navigators. As these methods are aU similar to each other, 
although they diflcr slightly in form, we shall particularize only one of them, viz., 
Thomson's Method, in order to show what is deemed to be the superiority of the 
present Tables over others. 

First, as regards the mode of constructing the Tables, Referring to Thomson's 
Tables, Baeon Zach, (in the Memoirs of the Boyal Astronomical Society, Vol. iv., 
Paet II.,) makes the following statement : — "The Author (Captain Thomson), does 
not explain the principles on which they are founded. I have not been able to 
discover the grounds on which the third correction is computed; and, indeed, it 
appears it has been determined in an indirect and empirical manner.'' This is 
confirmed by Mr. Coleman (who has lately published Tables similar to those of 
Thomson), and claims having suggested the aforesaid indirect and empirical method 
to Captain Thomson. On this we may remark that Tables which are calculated by a 
long and tedious indirect method, such as that referred to, are very liable to contain 
errors: owing to the chance of the computer making mistakes being greater than 
when he uses direct mathematical formula, which aflbrd him checks at certain 
intervals to test the accuracy of his calculations. The first point qf superioritjf, 
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X PREFACE. 

therefore, which is claimed for the present Tables, is that they are constructed from 
mathematical fomiul(B discovered hy the Authoe, and which have been examined by 
Mathematicians of the highest celebrity y ^sA found to he correct. 

Second, that Captain Thomson's Tables cannot give correct results in all cases 
may be thus proved. The third correction depends upon the parallax of the Moon, 
whereas the changes in this element are entirely neglected in Thomson's Tables. 

Thus, if the Apparent Distance be 20^ the apparent altitude of the Moon 20**, and the apparent altitude 
of the Star 20**, also the Moon's horizontal parallaz 58' : then Captain Thomson's method of calculating his 
third correction is as follows. 

The Tme Distance mnst first be calculated hy any direct method : and it will be found to be = 19* 
58' 4" . Then the/r*/ and secofid corrections must be found : they are 4* 7' 0", and 5* 49' 48" . These 
corrections being added to the apparent distance 20**, and 10** rejected, the sum is 19** 56' 48" : the 
difference between which and the line Distance 19* 58' 4" is 1' 16" = the third correction. But, in 
Thomson's Table of the third correction, it is 1' 28" : showing that he has not calculated his correction for 
parallaz 68'. 

Again, if we take the same Altitudes and Distance as above, but suppose the Moon's horizontal parallaz 
to be 61', the True Distance wiU be found to be 19* 57' 57" : and the firtt and second corrections = 8* 
59' 0" and 5o 57' 20". The sum of these corrections and Apparent Distance 20^ r^ecting 10*, is 1&<^ 
56' 20" : the difference between which and the True Distance 19* 57' 57", is 1' 87" = third correction. 

Hence, when the Moon's parallaz is 58', the third eorreetum is 1' 16" ; but, when the parallax is 61', 
it is 1' 41", the diflference of which is 21". 

Instead^ therefore, of the correction remaining constant whatever the parallax 
of the Moon may be^ it is shown here to vary 21" : neglecting the parallax, therefore, 
might occasion an error of 21" in the Distance, or about 11 miles in Longitude. 

The present method, however, takes into account the parallax of the Moon, and 
thus avoids the error above specified : this is the second jpoint of stiperiority of our 
method. 

Third, as regards the form of the Tables. Captain Homson gives his thvrd 
correction in the form of a table of triple entry : the arguments being the altitude 
of the Sun or Star, from 6® to 86®, at the top of the pages, the altitude of the 
Moon, from 6*^ to 86°, in the side column, and the Apparent Distance at the top of 
the two pages containing these altitudes. This form of a table often causes consi- 
derable trouble in finding the correction from it. 

Thus, if the Apparent Distance is 21*" 19', the altitude of the Star, 6** 29', and the altitude of the 
Moon, 24* 9' : the nearest to these in the Table are Dist., 20", **8 alt., 6® D*s alt., 24" ; and, if the cor- 
responding correction is taken, it is 6' 5" ; whereas it shoold be 5' 25", or 40" less, which would give an 
error of about 20 miles in Longitttde. 

To find the correction 5' 25", the requisite calculation is as follows: 

Under Distance 20*, 
if.\ alt. 6" and D's alt. 24" give Correction, 

1» : 29' : : — 1' 9" : Variation for 29' of **s alt, 
1* : 9' : : + 14" : Variation for 9' of D*s tJt., 

Therefore, Dist. 20^ *'s alt. 6<» 29', and J)'s alt. 24® 9' give Correction, = 5 34 
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PREFACE. XI 

In the above, the correction, opposite to ])'s alt. 24® and under ^'s alt. 6®, is 6' 5" ; and opposite 
same alt. of Moon and under 's alt. 7®, it is 4' 56". Therefore, the variation for 1® of jfc's alt. is 
— 1' 9". Again, under jjc's alt. 6* and opposite to D's alt. 24®, the correction is 6' 5" ; and under same 
alt. of Star, and opposite to })*s alt. 25*, it is C 19" . Therefore, the variation for 1® of D's alt. is + 14" . 

Again, under Distance 24®, 

^*s alt. 6» and D's alt. 24*» give Correction, = 5' 33" 

!• : 29' : : — r 4" : Variation for 29' of *'s alt., 
!• : 9^ : : + 14" : Variation for 9' of D's alt., 

Therefore, Dist. 24®, 5|c's alt. 6® 29', and D's alt. 24® 9' give Correction, 

Hence, 

as Dist. 20** and given altitudes give Correction, 
and Dist. 24® and given altitudes give Correction, 

Variation for 4° of Dist., 
4" : l** 19' : : — 80" : Variation for 1<^ 19' of Dist., 
But Dist. 20° and given altitudes give Correction, 

Hierefore, given Dist. 21*^ 19^ and given altitudes give Correction, = 5 25 

But, even after performing all the above proportions, the correction, in many 
cases, is not accurately found ; as appears from examining the tabular differences. 
Thus, for Dist. 20° and opposite to D's alt. 24°, we have under ^'s alt. 6°, the 
correction = 6' 5"; under T"*, it is 4' 56"; under 8", it is 4' 9"; under 9°, it is 
3' 28", &c.: the differences of which are — 1' 9", — 47", — 41", &c. From 
which it appears that common proportion would not give the correct variation for 
the minutes of altitude not found in the table : as this must be corrected by the 
method of second differences, on account of the tabular differences varying con- 
siderably. 

Such a table, therefore, as that of Thomson's would often occasion important 
errors if it is used by inspection ; and to proportion accurately is troublesome. To 
remove this cause of error and difficulty in proportioning, we have formed two 
Tables (viz., V. and VI.), of double entry instead of a table of triple entry: from the 
first an auxiliary arc is found ; and, by entering the second of these tables with this 
arc and the apparent distance, the correction of the Distance is obtained. These 
tables contain arcs which vary very little from each other ; consequently, to use 
them, requires merely inspection: this is tAe thvrd jpomt of mperiority of our 
method. 

Fourth, with regard to the length of the requisite calculation. Captain 
Thomson has formed new tables : the one containiag what he terms Logarithms of 
the Star's and Moon's altitude; and the other, the Logarithms of the Apparent 
Distance. Listead of these we use the common table of Logarithmic Sines, 
Tangents, &c. Captain T. also forms a table of Logarithms of the first and 
second arcs, and another of Logarithms of the Moon's horizontal parallax ; instead 
of which, we use the common table of Proportional Logarithms. The retaining 
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the use of the common tables, with which practical Navigators are acquainted, 
instead of embarrassing them with new tables ; and, at same time, not increasing 
the length of the calculation, is the fourth point of mperiority of our method. 
It is true, that Captain Thomson has made all his corrections additive ; we might 
have done the same ; but he is obUged to give a distinction of cases as to entering 
his table of the Logarithms of the tirst and second corrections: our method of 
distinguishing the corrections by E. and W. has been preferred by those who have 
studied the present tables, as being equally easy and less liable to error than the 
former. 

We may remark regarding Mrs. Taylor's tables (which are confessedly bor- 
rowed from the Cambridge Tables, the inaccuracy of which is universally admitted), 
that the Proportional Logarithm of the Moon's horizontal parallax, and Logarithmic 
cosecant of the Star's or Moon's altitude are added together and formed into a table. 
This, in appearance, shortens the calculation ; but, in reality, it does not ; as a 
proportional part for seconds of parallax must be added, which causes as much trouble 
as if the Proportional Logarithm of the parallax itself were added. There is, how- 
ever, an important objection to this table; viz., that the proportional part for 
seconds of parallax is not constant, which may occasion an error of several miles in the 
Longitude. And thus an additional cause of error is introduced into this method. 

The origin of all the tables referred to is what is called the Cambridge Tables. 
These tables were calculated by Lyons, Parkinson, and Williams, under the 
inspection of Dr. Shepherd, Plumian Professor of Astronomy at Cambridge, by a 
rule formerly given by Lyons. Mr. Margett afterwards published a set of lAmar 
Tables, deduced from the Cambridge Tables. But both the Cambridge and Margett's 
Tables were large and expensive works ; and, therefore, not well suited for general 
use. They were, consequently, modified by Turner, Thomson, Norie, &c., and 
Mrs. Taylor, without, however, introducing any new principle. As aU the methods 
enumerated are merely copies or modifications of the Cambridge Tables, we have 
confined our remarks cliiefly to one method, as the same remarks are equally appU- 
cable to the others. 

The Author has departed from the usual course pursued in a Preface, by 
criticising the works of others : believing this, in the present case, to be absolutely 
necessary, as he could not expect those engaged in the nautical profession to have 
sufficient leisure to examine into the subject by themselves. Consequently, in order 
to show why the proposed method is deemed worthy of the patronage of practical 
Navigators, it is necessary to compare it with those already published ; which could 
not be done without entering into particulars regarding the latter. 

The Author, therefore, flatters himself tliat the present work will aflbrd as easy 
a solution as any other yet published, of the important problem to find the Longi- 
tude at Sea : and, with these advantages, that the accuracy of the principles of 
the method may be reUed on ; and that, in its practical use, the liabiUty to err is 
diminished. 
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PREFACE. Xlll 

With regard to the correctness of the tables themselves, the Author feels 
confident that few inaccuracies will be found in them, as the work has been in 
his hands for about 10 years, during which period it has been frequently revised : 
and, as to the execution of the work itself, he trusts that his experience as a Teacher 
of Navigation for upwards of 20 years has enabled him to give the Rules and 
Explanations in the form best suited for the purposes of study, either privately or in 
schools. 

30, Basin GH ALL Stbebt, London, 
Apnl 2, 1849. 



ADDENDUM. 

To find the apjparent time at the ship from the Sun*s altitude. 

Note. A metliod of solving this problem is given at pages 7 and 8; but, in order to verify the calculation, the following 
method may be employed. 

METHOD II. 

1. From the observed altitude of the Sun, find the true altitude, in the usual way. And, from the 
Nautical Almanac take the Sun's declination, reducing it to the given time at Greenwich. 

2. If the Latitude and Declination are of the same name, take their difference ; but if they are of 
opposite names, take their sum. The result is the Sun's meridian zenith distance. 

3. Erom the Half-Cosine of the Sun's meridian zenith distance, subtract the Half-Sine of the Sun's 
corrected Altitude, (Table XVII) ; and find the Proportional Logarithm of the remainder. To this logarithm 
add the Logarithmic Cosines of the L-atitude and Sun's declination ; the sum, rejecting 20 in the index, being 
subtracted from the constant logarithm 10*0334 will give the Logarithm of the Sun's mftfjfliRn fliatpftft^ 
(Table XYIII) : which is the Apparent time at the ship, if the altitude be taken in the afternoon; but subtract 
it from 24^ , and the remamder is the Apparent time past noon of the preceding day, if the altitude is taken 
in the morning. 

Ekamfle. 
In Latitude 41* W N, the Sun's true altitude in the afternoon was found to be 18* 5'. Required the 
apparent time at the ship, the Sun's declination being 12^ 13' N. 

Latitude, 41<? 20' N Cos. 9-8756 

Declination, 12 13 N Cos. 99901 

Difference, 29 7 Half-Cosine, 72' 48" 

0's Altitude, 18 5 Half-^ine, 25 52 



ice, 46 56 Prop. Log. 0* 



0-4495 
Constant Log. 100334 



Meridian Distance 7 .- kk Am int ^S- ^'5839 

= Apparent time, i 

Note. By Example i., page 8, the apparent time is fonnd, by Method I., to be S** 6" 10* . If another table were formed 
by robtracting the Logarithms in Table XviLL. from the constant logarithm 100334; this table would contain 0*4495 opposite 
S** 6" 10* , and thus the calculation would be abridged. Or another table, instead of Table XYII., might be formed, con- 
taining arcs equivalent to Sines and Cosines; and then anotSier table snbstituted instead of Table iVlll. for the logarithms 
of the meridian distance. The latter is the method which will be used by the author in his work entitled "Captain 
Sumner's Method op Finding a Ship's Position at Sea Impboved and Simplified." The same method will be there 
applied to finding the Latitude by Double Altitudes. 
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SECTION I. 



ON FINDING THE LONGITUDE BY OBSERVATION. 



ARTICLE I. 

Various methods have heen proposed for finding the longitude, depending on the general principle : 
that the difference of the times at two places, converted into degrees, minutes, and seconds, at the 
rate of 16 degrees of space to 1 hour of time, will be the difference of longitude. 

ARTICLE II. 

This principle depends on the fact that the Sun appears, in his daily motion, to move round 
the Earth, from east to west, in 24 hours ; and, consequently, passes betwixt two meridians, which 
are distant 15 degrees from each other, in 1 hour, and over any other space in the same proportion 
of 16 degrees to 1 hour. 

When the Sun is on the meridian of a place, it is noon at that place ; and as longitudes are 
reckoned from the meridian of Greenwich, and the Sun comes to those meridians situated to the 
eastward so much the sooner, it is evident that at any instant of absolute time, the difference 
betwixt the time at any place and that at Greenwich, will give the longitude of the place ; which 
may be reduced into space at the rate of 15 degrees to 1 hour, and reckoning the longitude east or 
west, according as the time at the place is greater or less than that at Greenwich. 

If, however, the result thus found, exceeds 180°, subtract it from 360°, and the remainder is 
the longitude, but of a contrary name to that found by the preceding Rule (see Art. XX. page 6). 

ARTICLE III. 

It is also evident that the time at Greenwich corresponding to a given time at a given 
place, may be found by converting the longitude of the place into time, and adding this to the 
given time, if the longitude is west; but subtracting it from the given time, if the longitude is 
east : observing that in east longitude, when the longitude in time exceeds the given time, 24 hours 
must be added to the latter, then subtract as before, and the remainder is the time at Greenwich 
reckoned past noon of the preceding day ; but, in west longitude, when the sum of the longitude in 
time, and the given time exceeds 24 hours, take 24 hours from it, and the remainder will be the 
time at Greenwich past noon of the following day, 

ARTICLE IV. 

The apparent daily motion of the Sun in the heavens marks Apparmi timey so that when he is 
on the meridian of any place, it is apparent noon at that place, and when he returns to it again, 
the elapsed time is the length of an apparent solar day. 

ARTICLE V. 

If the Sun moved in the equator with a uniform motion, all the solar days would be of the 
same space of absolute time; but as the Sun actually moves in the ecliptic, which is inclined to the 
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equator, equal spaces in the ecliptic will give unequal spaces on the equator; and fartlier, the Sun's 
motion in the ecliptic is not uniform. From both of these causes, the intervals of apparent time, 
corresponding to a given interval of absolute time, are not uniform. But if we conceive an assumed 
sun to move in the equator with a uniform motion, the rate being the average of that of the real 
sun in the ecliptic, the intervals of time that would be marked by this sun would be uniform; and, 
consequently, the time, as denoted by it, is called Mean time, 

ARTICLE VI. 

The difference betwixt mean time and apparent time is called the equation of time, and this is 
given in Page I of the Nautical Almanac for apparent noon, and at Page II for mean noon of 
every month of the year : it being additive or subtractive as denoted at the top of the Page. At 
four times in the course of the year, mean and apparent time agree, the actual rate of motion of the 
sun in the ecliptic when reduced to the equator, being then the same as that of the assumed sun which 
marks mean time. The times in 1849, will be found to happen on April 14, June 14, August 31, 
and December 24 : the equation of time being then 0. Betwixt the first and second of these dates, 
the equation of time is subtractive from apparent time ; betwixt the second and third it is addi- 
tive ; betwixt the third and fourth, it is subtractive ; and for the remainder of the year, not in- 
cluded in these intervals, it is additive. In each of these intervals, the equation of time commences 
from 0, and increases until it arrives at a maximum, when it then diminii^es until it again becomes 
0: the four maximum values are — 3' fifi". 21 on May 14, + 6' 11". 28 on July 26, — 16' 16". 67 
on November 3, and + 14' 32". 10 on February 11. 

ARTICLE VII. 

If a clock or chronometer always shows 12 hours when the assumed mean sun is <m the meri- 
dian, it is said to be regulated to mean time ; if it differs constantly by the same portion of time, 
this difference is the error of the chronometer, which is fast or slow according as the time by it is 
greater or less than mean time. And when the error is fiist, and increases^ the chronometer is 
gaining on mean time ; but when it diminishes, it b losing : when the erroi' is slow, and increases, 
the chronometer is losing on mean time ; but when it is diminishing, it is gaining ; this gain or 
loss when noted for intervals of 24 hours is called the daily rate of the chronometer. 

ARTICLE VIII. 

Thus by comparing a chronometer with a clock regulated to mean time, the error and rate is 
ascertained ; and from these the time at Greenwich may be found corresponding to any given time 
as shown by such a chronometer, as follows : to the given time, apply the error of the chronome- 
ter, by addition or subtraction, according as the oror is slow or fast ; and find what ia called the 
accumulated rate, viz. the daily rate multiplied by the number of days which has elapsed since the 
error was observed, and add this to, or subtract it from the time formerly found, according as the 
chronometer is losing or gaining, the result will give the mean time at Greenwich. 

ARTICLB IX. 

As fixed stars have no annual motion in the heavens, they will perform their daily reyohttions 
from any one meridian to the same meridian in uniform portions of time, these intervals are 
Siderial days, consisting each of 24 hours of Siderial time. As the assumed mean sun moves at a 
uniform rate to the eastward on the equator, amounting to 360** in one year, the mean Solar day 
will exceed the Siderial day by the daily rate at which the sun advances ; this is 3' 65". d094, 
the Siderial day being 23^ 66' 4k\ 0906 of mean time. 

ARTICLE X. 

The Right Ascension of a heavenly body being the arch of the equator, reckoned eastward, 
from Aries to the meridian paaaing through the body, it ia evident that the difference between the 
right ascensions of the sun and a fixed star will be the same as the difference between the apparent 
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time, as shown by the sun, and the Sideiial time expressed by the distance which the star is to the 
westward of the meridian of any place. 

ARTICLE XI. 

If to the star's right ascension, when westward of the meridian, we add its meridian distance, 
the sum is called the right ascension of the meridian of the place, when diminished by 24 hours, if 
it exceeds that quantity ; but when the star is eastward of the meridian, from its right ascension, 
(increased by 24 hours if necessary), subtract the meridian distance of the star, the remainder is the 
right ascension of the meridian ; and, if from the right ascension of the meridian, (increased by 24 
hours, if necessary) we subtract the sun's right ascension, the remainder is the distance of the sun 
to the westward of the meridian of the place, or the apparent time. The same is applicable in the 
case of the moon or any of the planets. 

Besides the distinction of time into apparent, mean and siderial, there are three different modes 
of reckoning time with respect to the commencement of the day ; these are called the civil, astrono- 
mical, and nautical modes of reckoning time. 

ARTICLE XII. 

The civil da^, which is that adopted for the usual purposes of business, begins at midnight, 
and ends at the midnight following ; it is divided into two parts of 12 hours each ; the first 12 are 
marked a. m., signifying ante meridiem, i. e. before the meridian or noon ; and the other 12 are 
marked p. h., signifying jeto^j meridiem, i. e, after the meridian or noon, 

ARTICLE XIII. 

The astronomical day, which is the mode of reckoning adopted in the Nautical Almanac, and 
by Astronomers, commences 12 hours later than the civil day, being at noon of that day, and is 
reckoned continuously to 24 hours, which makes it terminate 12 hours later than the civil day, 
being at noon of the following day. Hence, July 10th at 10 H., P. M., civil time, is July 10th at 
10 H., astronomical time ; but July 11 at 10 H., A.M., is July 10th at 22 H., astronomical time. 
Consequently, for the first 12 hours of the astronomical day, or from noon to midnight, the day of 
the month and hour of the day are the same as in the civil reckoning ; but for the last 12 hours, or 
from midnight to noon, the day of the month by the civil reckoning is one day in advance of that 
by the astronomical, and the hours differ, as in the former they commence from and continue to 
12, whereas in the lattier they commence from 12 and continue to 24. 

ARTICLE XIV. 

The nautical day or sea day, is adopted by seamen in their log books; it commences 12 hours 
before the civil day, or at noon of the preceding day, and terminates 12 hours before the civil day, 
or at noon of the civil day; it is divided into two parts of 12 hours each, the first is marked P. M., 
and the other A. M. Hence, July 10th, at 10 H., P. M., civil time, is July 11th, at 10 H., P. M., 
nautical time ; and July 11th at 10 H., A. M., civil time, is July 11th at 10 H., A. M., nautical 
time. Consequently, for the first 12 hours of the nautical day, the day of the month is one day 
more than in the civil mode of reckoning; but for the last 12 hours, it is the same in both; the 
hours are numbered and marked the same in both methods. 

ARTICLE XV. 

It appears, therefore, that noon of the civil day, the commencement of the astronomical day, and 
termination of the nautical day, take place at the same instant. 

Log books in ships in the royal navy, and in some merchantmen, are dated the same as the civil 
day ; but make up the day's work, as usual, at noon, i. e. at the middle of the civil day. 

ARTICLE XVI. 

From what precedes, it appears that the longitude of a place may be found, if we can ascertain 
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the mean times at the given place and Greenwich^ corresponding to the same instant of absolnte 
time : See Art. II. 

ARTICLB XVII. 

The mean time at any place may be ascertained by observation. The time shown by a san 
dial is apparent time, but this is not sufficiently accurate for the purpose of finding the longitude. 
The usucd mode of ascertaining the time at any place by means of the sun is to take his altitude 
by a quadrant or sextant, from which the apparent time is deduced by a Rule which is afterwards 
given (Sect. II.), and hence the mean time is known by applying the equation of time. 

The mean time may also be ascertained by means of an altitude of a Fixed Star, a Planet, 
or the Moon (Sect. II.). 

ARTICLE XYIII. 

The mean time at Greenwich may be ascertained by means of a chronometer, or by ob- 
seryation. When an altitude is taken, as referred to in Art. XVII., the time by the chronometer 
is noted, from which the time at Greenwich is found, as in Art. VIII. ; and the mean time 
at the place being found, as in Art. XVII., we thence deduce the longitude, as in Art. II. This 
is said to be finding the longitude by chronometers. 

ARTICLE XIX. 

The mean time at Greenwich may also be found by means of observations of different kinds. 
If observations are made of those phenomena which happen at the same instant of absolute time 
to all places on the sur&ce of the Earth, and of which the Greenwich times are noted in the 
Nautical Almanac, it is evident that the Greenwich time being thus known, the error of the 
chronometer, for Greenwich mean time, may be ascertained, independently of the original error; 
and hence the longitude is found as in Art. XVIII. Phenomena, of the kind referred to, are 
Eclipses of the Moon, Eclipses of the Satellites of Jupiter, and Distances between the Moon and 
Sun or any of the Planets or a Fixed Star. 

ARTICLE XX, 

Eclipses of the satellites of Jupiter, however, are only visible through a Telescope of such 
magnifying power, that the field of view is thereby very limited, and thus on board of ship, it is 
very difficult to keep the satellite in view so as to ascertain the exact time when the eclipse 
happens. The only mode of practically making use of this method of finding the longitude id to 
catch sights of the satellite from time to time, until the eclipse has happened ; and, from the 
last time when the satellite was seen not eclipsed, the time of the eclipse might be estimated 
within a certain error. Thus, if, on September 23, 1849, at 12** 3' 14'' by a chronometer, the 1st, 
satellite of Jupiter is seen not to be eclipsed; but at 12^ 3^ 20^^, on again catching a sight of Jupi- 
ter, the Ist. satellite is not visible, having become immersed in the shadow of Jupiter, it is evident 
that the immersion must have happened at some time intermediate between these noted times ; and, 
if we take 12^ 3' 14'^ as the time of the eclipse, the error cannot exceed Q'\ the difference of these 
times, which would give an error of V 20'\ at the greatest estimation, in the longitude found there- 
from. 

By page 20 of the Nautical Almanac, the immersion of the Ist. satellite of Jupiter takes place on 
September 23 at ...•..., 22»» 4(/ 9".5 

and by the chronometer, as above, . . . . . at 12 3 14 



Hence, the error of the chronometer, slow of Greenwich mean time, . . is 10 36 6M 

If, at another period of the same day, the altitude of the sun is taken, and the mean time at the 
ship found (Sect. II.), to be S^ 16' b'\ while the same chronometer shows 13*» 4' 16", the longi- 
tude may be thus found, supposing the rate of the chronometer to be 12'% losing daily. 
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Time by the chronometer, when sun's altitude is taken, . . * IS"* 4' 16" 

Error of the chronometer, slow of Greenwich mean time, at 12>» 3' 14'' per chron., 10 36 65.5 



Mean time at Greenwich, when sun's alt. is taken, if the chron. had no rate, 23 41 10.6 

Proportional part of rate for elapsed time, l^ V 1", or say I**, is 0''.6, the daily 
rate being 12'' losing, and this must consequently be added to the above 
time, ......... 0.6 



Mean time at Greenwich, when the sun's alt. is taken, . . . 23 41 11 

Mean time at ship, do. . • . . 3 16 6 



Longitude of the ship in time, by Art. II., • . . . . 20 26 6W 

= 306*' 31' 30" W, which taken from 360% gives the longitude 63" 28' 30" E. The longitude 
having been brought out to exceed 180% shows that a day has been lost in the ship's reckoning : 
instead of the time at the ship being September 23, at 3^ 16' 6", it should have been stated at 
September 24, at 3*» 16' 6". Hence, mean time at the ship being September 24, at 3* 16' 6", or 
September 23, . . . . . . . . at 27»» 16' 6" 

And mean time at Greenwich, as above, . . . . . 23 41 11 



The longitude of the ship in time is, by Ai-t. II., .... 3 33 64E 

= 63" 28' 30"E, as before. 

If the longitude should be brought out as exceeding 180** E, this would show that a day had been 
gained in the ship's reckoning, which must be corrected accordingly, by deducting one day from it. 
The gaining or losing a day in the ship's reckoning arises from the ship sailing to the eastward or 
westward, until the meridian opposite to that of Greenwich is passed. Thus, if the ship sails to 
the eastward, the time at the ship will exceed that at Greenwich by an increasing quantity, until 
the ship arrives at the opposite meridian, when the excess will be 12*» ; after which, if the ship 
makes an additional easting of 16% the excess would be 13^, and the longitude 196"" E: the longi- 
tude might thus be reckoned on as East, until it amounted to 360% and the day of the month 
retained the same as by ship's reckoning. But, to preserve the distinction of longitudes into E and 
W, not exceeding 180% when the longitude exceeds 180° E, it is then converted into west longitude, 
by subtracting it from 360** ; thus 195° E will give 176' W, and the time at the ship, instead of 
being reckoned as exceeding the time at Greenwich by 13^ should then be taken as less by 11^; 
and the day of the month made 1 less than according to that shown previously by the ship's 
reckoning. The contrary is the case when the ship sails to the westward. 

It is evident that, if a ship sailed continuously to the eastward, until it has made a complete 
revolution of the earth, it would have made one revolution, in space, more than the earth itself in 
its daily motion from west to east ; and as these revolutions mark the days of the month, the ship's 
reckoning will have gained exactly one day ; and if the ship sails to the westward, one day in 
the reckoning will be lost, on her return to the meridian first departed from : to avoid this 
difference in the mode of reckoning time, the change of the day as also of the name of the 
longitude is made, when the ship has made the meridian opposite to that of Greenwich. 

A.RTICLB XXI. 

From the objections to observations of the eclipses of Jupiter's satellites, stated in Art. 20, 
and that eclipses of the Moon happen so seldom as not to afford ready means to the seaman for 
discovering his longitude, the method of finding the longitude by means of Lunar distances is that 
generally resorted to. 

ARTICLE XXII. 

Lunar distances are the distances betwixt the Moon's centre, and that of the Sun, and certain 
fixed stars or the planets, as would be observed by a person situated at the centre of the Earth, 
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were it possible to make such observations : these distances are g:iven for every 3 hours of 
Greenwich mean time at pages xiii. toxviii.of every month, in the Nautical Almanac, from which 
the distances may be computed, by proportion, for any other times. 

The distance between the Moon's limb and a fixed star may be taken by means of a sextant 
and by adding to this, or subtracting for it, the Moon's semi-diameter, according as the distance of 
the nearest limb, or the farthest limb of the Moon was taken from the star, the distance between 
the centre of the Moon and star will be found. This distance is affected by the refraction of the 
atmosphere, the observed distance being less than what it would have been had there been no 
atmosphere : the difference on this account is called the correction for refraction. The distance, 
being obseiTed on the surface of the earth, must also differ from what it would be if taken at 
the Earth's centre, from the difference in the positions of the bodies as viewed from these different 
points : this difference in position is called parallax, and the correction of the distance on this 
account, is called the correction for parallax. 

An observed distance is also called apparent, and when it is corrected for refraction and 
parallax, and thus reduced to what it would be when observed at the centre of the Earth, it 
is called the true distance : such distances are the same as those given in the Nautical Almanac, 
and are the same at the same instant of absolute time, at whatever place on the surface of the 
Earth the distance may have been observed. 

It is, therefore, evident that if we note the time by a chronometer when a Lunar distance b 
taken, and compute the true distance, we can, from the Nautical Almanac, find the mean time at 
Greenwich, when this true distance happens; and hence the error of the chronometer, from 
which the longitude is found as in Art. II. 

ARTICLE XXIII. 

The Moon's daily motion in her orbit being about 13**, this will give for 1 hour about 30', or 
for 1 minute of time 30'"' of change of the moon's distance from a fixed star situated near the 
Moon's orbit ; but I minute of time gives 15 miles of longitude ; therefore, a change of 30^' of 
distance will give 15 miles of longitude, and 2^' of distance gives 1 mile of longitude. These 
results are sufficiently accurate for estimating the degree of correctness within which Lunar 
distances will determine the longitude ; and it follows, that if the distances observed, and those 
contained in the Nautical Almanac, do not differ from the truth more than 30''', the longitude may 
be ascertained within 15 miles. 

ARTICLE XXIV. 

The Moon's motion being so quick as now stated, makes her a suitable body for using her 
distances from the Sun, the planets or fixed stars which lie near her orbit ; it being necessaiy 
to select such as are nearly in this situation, otherwise the effect of the Moon's motion may 
be lost to an extent which would render the observation useless in determining the longitude 
with the requisite degree of accuracy. The stars selected for this purpose, in the Nautical 
Almanac, are et Arietis, AMebaran^ PolluXy Regulus^ S^a Virginia^ AntareSy a AquilcB^ Fomalhauty 
and 9t Peffosi, and the Planets are Fenus, Mars, Jupiter and Saturn. 
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SECTION II. 



ON FINDING THE MEAN TIME BY AN ALTITUDE. 



ARTICLB I. 



To find the Mmm Time by an AUUnde <f the Snn. ^^ M" ^^^ ^^ ^^ 



PRBLIMINART BULBS. 

1. Find the mean time at Greenwich by either of the following methods : with the estimated 
longitude and apparent time at the ship when the altitude of the Sun is taken, find the correspond- 
ing apparent time at Greenwich by the Rule in Article 3, Sect. I ; and thence the mean time by 
applying the equation of time, taken from Page I. of the Nautical Almanac. Or, from the time 
as shewn by a chronometer, find the mean time at Greenwich, by Article 8, Sect. I. 

2. From the observed altitude of the Sun's lower limb, subtract the Dip of the Horizon (Table 
III.), and refraction (FV.), and to the remainder add the Sun*s paraUax in altitude (TIL), then 
add the Sun's semi-diameter taken from Page II. of the Nautical Almanac : the sum will be the 
true altitude of the Sun's centre. Or, the correction for Dip, Refraction, Parallax, and Semi- 
diameter, may be nearly found at onoe by Table XYI.* and added to the observed altitude of the 
Sun's lower limb. 

3. Take out the Sun's declination, for the proceeding noon at Greenwich from Page II. of the 
Nautical Almanac, and correct it for Greenwich mean time by Table XIII., or by means of the 
daily variation, and Table XIX., or by multiplying the hourly di£Rdrence taken from the Almanac 
by the number of hours in the Ghreenwich time. 

4. Take out the equation of time from Page I. of the Almanac, and correct it for the Green- 
wich time by Table XIV., or by meaas of the hourly difierence givtti in the Almanac. 

Then proceed as follows : — 



1. If the sun's declination and the latitude are of the same name, first subtract the less from 
the greater, and then add them ; but if they are of contrary names, first add them, and then 
subtract the less from the greater : the fint and eecond aree will thus be obtained. Below these 
write the sun's true altitude. 

NoU. Th^Jlnt ft is ftmn4, by the aboTt rol^ «z»e«lf m a diflrrme§ ^ l^tud*, th* UimmtU oT Um ship nd sun's 
dseUsation beiny redconed as tb« two latttodes. 

2. Find (XVII.) the hdtfeoiinee of the>frj< and second arcs, and the half tine of the true alti- 
tude. Then add together the two hal/eonnes, and subtract the half sine of the true altitude from 
the hal/eoiine of the first arc. 
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N<tte, When the neoni are ezeeede 90«, eubtnct it from 180**, to find its sapplement^ 
Bupplement from the half-cosine of the firtt are. Instead of adding them aa in the Rule, 
Dedination exceeds the distance of the ship from the Pole. 



and sabtraet the half-eoslne of this 
, This will happen only when the 



3. Find the proportionid logarithms (X.) of this sum and difference, adding 10 to the index 
of the former ; and the difference between these logarithms is the logarithm of the Meridian 
distance, which will be fonnd in Table XVIII. 

This meridian distance is the Apparent time at the ship, if the altitude was taken in the after- 
noon; but, if in the forenoon, subtract the meridian distance from 24 hours, the remainder is 
the apparent time past noon of the preceding civil day. To the Apparent time, thus found, apply 
.the Equation of time, and the result ia the Mean time at the ship. 

EXAMPLE I. 

August 20, 1849, the following obserrations were made of the 8un*s lower limb, in latitude 
41^ 20" N, and in longitude, by account, 142^ W., the height of the observer's eye being 22 feet. 
Required the Mean time at the ship. 

Preliminary Work. (See Note.) 

5b 8' W Eq. of time, Aug. 20, + 3' 10" 



App. Times Obs. alts, of 




by Watch. O's L. L. 




Sh 6' W 1&* 28r 


App. time by watch, 


7 15 18 11 


Long, of ship, 142«W 


8 17 17 56 


by (XI.) = 


9 14 17 40 


App. time at Green. 


10 18 17 26 


Equation of time. 


5) 41 20 5)89 40 


Mean time at Green. 


Mean, 5^ 8 16 17 56 


♦ 


Corr.CXVI.), +9 





+ 8 l9f( Equation of time, 



+ 8 



14 89 



17 O's dec., Aug. 20, ) ^^ 26' 19'' N 
decreasing, 5 



True alt. of 0's centre, 18 5 



Corr., (XIIL), for 12^ = — 10' 
for 2i» 39' 



12 



O's deoUnation, 12 13 N 



Caleutation of the Mean Time» 



Latitude, 


41» 


20' N. 








Declination, 


12 


13 N. 








Ist Arc, 


29 


7 


Half-cosine, 


72' 


48" 


2d Arc, 


53 


33 


Half-cosine, 


49 


31 


True alt.. 


18 


6 


Half-sine, 


25 


52 




Sum, 2*» 


2 


19 








Difference, 


46 


56 






Meridian distance,) ^ 
= Apparent time, ) 


6' 


13" 














Equation of time, + 


3 


1 



Prop. Log., 10*1678 
Prop. Log., -5838 



Log., 9*5840 



Mean time at ship, 5 9 14^ on Aug. 20, 1849. 



Note. The Preliminsry work may be Tailed as follows ;- 
Observed alt. of 0'« L. L. 17« 66' 0" 



Dip, (III.), — 4' 30" J 
Refraction, (ly.)r 



, — 4' 30"! 
|,_3 66 > 



Parallax (III.), + 0' 9") 
Semi-diameter, -j- 16 60 } 
True alt. of O's centre. 



— 7 


S6 


17 48 
+ 16 


36 
69 


18 4 


84 



O's dec., Aug. 30, 
Do., Aug. 21, 
Daily Var. 
Time at Green. 
Correction, 
O's dec, Aug. 90, 
O's dee., 



12« 26' 19" 


N 


12 6 23 


N 


— 19 66 


( 


14h 89', 




— 12' 10", 




12« 26 19 


N 


13 13 9 


N 



(XIX.), Log. 0806 
Log. 2144 
Log. 3960 



Or. the correction of the swi's declination, for the time past noon, may be thus ascertained; the hoarly yariation at Page I. 
Naut. Aim., is 49". 88 which multipUed by given time 14h 39^ or 14.66, gives 730".0096 =12' 10". The hoarly variation of 
the Equation of time, at page I. Naut. Aim., is 0". 693, which, multiplied by the given apparent time 14i» 36', or 14.6, gives 
8". 6678, or 9". 
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ON FINDING THE MEAN TIME BT AN ALTITUDE^ 

EXAMPLE n. 

April 14, 1849, the following observations were made of the sun's lower limb, in latitude 
20® 14' S, and longitude by account 162° E, the height of the observer's eye being 20 feet, and the 
index error of the sextant V W^ subtractive. Required the mean time at the ship. 



App. Times 

by Watch. 

19»» 45' 2r' 

44 19 

43 20 

3 ) 133 

Mean 19 44 20 



20 



Index Error, — 



Obs. alts. 

0*8 L. L. 
20* 15' 15" 
20 15 
19 45 15 
3)60 45" 



Preliminary Work. 



App. time at ship, 19^ 
LoDg.l620E(XI.),=10 
App. time at Green. 
Equation of time. 



8 



— 6 



15 
15 



Mean time at Green. 8 56 29 



19 59 



Corr., (XVI.) , +9 
True alt., Q's centre, 20 8 



44' 20'^ Eq. of time, April 14, +0' 15" 
48 Daily Var. 15", decreasing, 

6^ 20 gives for 8t 56' ) 

+ 9* or9N(XIV,),) 

Eq. of time, 

0's dec, April 14, \ 
increasing,) 
Corr., (Xin.), for 9J» 
0's declination. 



+ 9» 

r 28' N 

+ 8 
9 36 N 



9 



Latitude, 
Declination, 

1st Arc, 29 

2d Arc, 10 

True alt., 20 



14' S 
36 N 



Calculation of the Mean Time* 



50 
38 
8 



Half-cosine, 
Half-cosine, 
Half-sme, 

Sum, 



72' 

81 
28 



17" 

54 

41 



2' 34 11 
Difference, 43 36 

Meridian distance, 4^ 17' 0" 

24h 

App. time at ship, 19 43 
Equat. of time, 4~ 



Prop. Log. 
Prop. Log. 

Log. 



10.0672 
6158 

9.4514 



Mean time at ship, 19 43 9, on April 14, 
EXAMPLE ni. 

June 4, 1849, the following observations were made of the sun*s lower limb, in latitude 69*^ 
16' N, and longitude by account 52* W, the height of the observer's eye being 24 feet. Required 
the mean time at the ship. 

Preliminary Work, 



App. Times 
by Watch. 
5h 58' 13" 
5 59 15 



Obs. alts. 

8 L. L. 
21* 26' 
21 10 



App. time at ship, 5^ 59' 15" 
Long.52*'W,(XI.)=3 28 



Eq. of time, June 4, — 2' 
Daily Var. 10", decreasing. 



6 

8)17 


17 20 54 
57 45 3)63 30 


App. time at Green, 9 27 15 
Equation of tune, — 1 59 * 


gives for 91* 27', (XIV.), — 4 
Eq. of tune, — i 59 jj^ 


Mean 5 


59 15 21 10 


Mean timeat Green. 9 25 16 


0's dec, June 4, ) 22» 27' N 
increasing, ) 




Corr., XVI., + 9 


True alt 


0's centre, 21 19 




Corr., (Xm.), for 9h, + 3 
0'8 declination, 22 30 N 




Calculation of the Mean Time. 
Latitude, 69** 15' N 
Declination, 22 30 N 






1st Arc, 46 45 
2d Arc, 91 45 
True alt., 21 19 


Half-cosine, 57' &' 
Half-cosine, 2 33 
Half-sine, 30 18 








Difference, 54 33 
Difference, 26 48 


Prop. Log. 10.5185 
Prop. Log. 8271 




= A] 


Meridian Distance, ) 
pparent time at ship,) 

Equation of time, — 1 59 


Log. 9.6914 




Mean time at ship, 5 54 3, on June 4, 1849. 
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10 ON FINDING THE MEAN TIME BT AN ALTITUDE. 

Note 1. In the preceding examples, the Altitude, DecUnatioii, and Equation of time may be corrected by several 
methods, as is done in Note to Example I., page 8 : at 8ei^ bowever, It will be sufficiently accurate to c<»Tect these at once 
by inspection, as in Examples II. and III. 

Note 2. The apparent time at the ship, nearly, will be shown by a watch set to XII. hours, when the sun's meridian alti- 
tude is taken. The change of longitude since noon, reduced to time, (by explanat!bn of Table XI-, page y.) must, howeyer, 
be applied to the time shown by the watch, to And the apparent time at the ship; the change ot longitude, when made to the 
eastward, must be added, but if to the westward, it must be subtracted. This method may be used when the chronometer 
is out of order ; but, if not, it is always preferable to find the mean time at Greenwich by means of the chronometer, by 
Article 8, Sect. I., page 2. 



ARTICLE II. 

To find the Mean Time by an AUUude of a Fixed Star, 

EULB8. 

1. Find the mean time at Greenwich as in the case of the Sun, page 7. 

2. Take from the Nautical Almanac, the Star's Right Ascension, and Declination. 

Note, These are found at Pages 456 to 468 in the Almanac for 1849, under the title ** Mean places of 100 principal fixed 
stars." 

8. Take out the Sun's Right Ascension for mean noon, from the Nautical Almanac, and cor- 
rect it for Greenwich mean time by Table XII. Also take out the Equation of time, as in the 
case of the Sun, page 7. 

Note. The correction of the Sun's Right Ascension for Greenwich mean time, may also be found by means of the daily 
yariaUon of the Right Ascension and Table XIX.; see Explanation of this table, page yii. 

4. Find the Star's true altitude, by subtracting the correction, found in Table XV., from the 
observed altitude. 

5. From the Latitude of the Ship, the Star's declination, and the Starts true altitude, calculate 
the Star*B meridian distance, as in the case of the Sun; see Rules in pages 7 and 8. 

6. When the Star is West of the meridian, add its meridian distance to its Right Ascension; 
when the Star is to the East of the meridian, subtract its meridian distance from its Right Ascen- 
sion, (increasing the latter by 24 hours, if necessary) : the result is the Right Ascension of the 
meridian. 

7. From the Right Ascension of the meridian, (increased by 24 liours, if necessary,) subtract 
the Sun's Right Ascension, the remainder is the apparent time at the ship: to which apply the 
Equation of time, and the result is the mean time at the ship. 



EXAMPLE I. 

July 15, 1849, the following altitudes were taken of the star Arcturus, then Westward of the 
meridian, in Latitude 42« 15' N, and in Longitude, by account, 18' 20' W : the height of the eye 
being 15 feet, and index error of the sextant + 1' 50". Required the mean time at the ship. 
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App. Times Obs. alts. 


PreUminary Work, 


by Watch. of Star. 




lOh 45' 10" 33* 


18' 


App. thne at ship, 10«« 46' 15" 


46 15 33 


12 


Long.l8«20'W) ^ ^3 go 
= (by XL), 3 


47 19 33 


5 


3) 138 44 3)99 


35 


App.timeatGreen., 11 59 35 


m, 10 46 15 33 


12 


Equation of time, + 5 38 * 


Index error, +2') 
Corr. (XV.), - 5 ) 


3 


Mean time atGreen., 12 5 13 




B. A. of Arcturus, 14^ 8' 46" 


True altitude, 83 


9 


Dec. of do. 19 58' N 
(Jakukaim of the Mem Time. 


Latitude, 42« 15' N 






Declination, 19 58 N 






iBtAre, 22 17 




Half.cosine, 77' 7" 


2d Arc, 62 13 




Half-cosine, 38 51 


True alt., 33 9 




Half-sine, 45 34 
Sum, 1 55 58 
DifiFerence, 81 33 
Meridian distance, 4^ 11' 30" 
B. A. of Arctnrus, 14 8 46 
B. A. of meridian, 18 20 16 
©•sB.A., 7 40 29 
App. time at ship, 10 39 47 
Equation of time^ + 5 3ft 
Mean time at ship, 10 45 25 



Eq. of tune, July 15, + 5' 35" 
Daily Var. 6" increasing 

gives, for 12i» (XI V), -f 8 
Equat. of time, + 5 38 ^ 

O's B. A., July 15, 7J» 38' 28" 
Corr. (XII.), for 12»» + 2 1 



W, 



7 40 



Prop. Log. 10.1909 

Prop. Log. 7563 

Log. a4346 



BXAMPLE U. 

January 20, 1849, the following altitudes weie taken of the star Altair, then Eastward of the 
meridian, in Latitude 30^ 5' S, and in Longitude, by account, 32° 15' W : the height of the eye 
being 16 feet, and the index error of the sextant — V 20". Required the mean time at the ship. 



24" 



App. Times Obs. alts. 

by Watch. of Star. 

19h 45' 5" 25' 21' 

46 8 13 

47 6 6 
8) 138 19 3) 89 


Preliminary Work. 

App. time at ship, 19»» 46' 6" 
Long. 320 15' W,i 2 9 
= (byXI.)l ^. '^ "^ 
App.thneat Green., 21 65 6 


Mean, 19 46 6 25 13 


Equation of time, + 11 39 ^ 


Index error, — 1') >, 
Corr.. f XV.>. — 6 ) 


Mean time atGreen., 22 6 45 
B.A.of Altair, 1^ 43' 25" 


True Alt, 25 6 


Dec. of do. &* 28' N 


Latitude, 30*' 5' S 
Decimation, 8 28 N 


Caleuiation of the Mean Time. 



Eq. of time, Jan. 20, + 11' 
Daily Var.,17" increasing, 

gives for 22^ (XIV.), -\- 15 
Equation of time, -\- 11 39 ^ 
0'8 B. A., Jan. 20, 20»» W 23" 
Corr. (XII.), for 22^ 6', + 3 65 
0*8 E. A., 



20 14 18 



IstArc, 38 83 

2d Arc, 21 37 

True alt., 25 6 



Half-cosine, 65' 10" 
Half- cosine, 77 28 
Half-sine, 85 21 



Sum, 

Difference, 
Meridian distance, 
B. A. of Altair, 


2° 22 38 
29 49 
3h 37' 40" E, 
19 43 25 


Prop. Log. 

Prop. Log. 

Log. 


10.1011 

7808 

9.3203 


s B. A., 


16' 6 45 
20 14 18 






App. time at ship. 
Equation of tune. 


19 51 27 
4- 11 39 






Mean time at ship, 


20 3 6 
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ON FINDING THE MEAN TIME BT AN ALTITUDE, 



ARTICLE III. 
To find the Mean Time l^ an Altitude of a Planet. 

RULES. 

1. Find the mean time at Greenwich, as in the case of the Sun. 

2. Take from the Nautical Almanac, the Planet*s Right Ascension, and Declination. 

Note. These are found at pages 276 to 459, in the Nautical Almanac for 1849, for noon at Greenwich, and are reduced 
to what they should be at the given time, by means of the hourly yariation, which ia also given in the Almanac. To find 
the correction of the Right Ascendon or Declination : multiply the hourly variation by the given time, expressed in hoars 
and dedmala of an hour, the result is to be added to, or subtracted lirom the Right Ascension, or Declination at noon, 
according as the hourly variation is increa^g or diminishing, which is denoted in the Almanac by -f- or — . Or the same 
may be found by means of the Daily variation, and Table XIX. 

Then proceed exactly as in the case of a Star, see Rules, 3, 4, 5, 6, and 7> page 10. 

EXAMPLE. 

July 20, 1849, the following altitudes were taken of the Planet Jupiter, then Westward of the 
meridian, in Latitude 34*' 9' S, and in Longitude, by account, 10"* 20' £ : the height of the eye 
being 16 feet, and the index error of the sextant — 6^ 15'^ Required the Mean time at the ship. 



App. Times, 
by Watch. 
6J» 68' 36" 
69 



Obs. alts, 
of Jupiter. 
16' IT 

23 

29 



Preliminarv Work. 



3)177 



Mean, 6 69 2 



Index error, 

Corr., (XV.), 
True alt., 



) 


69 


16 


23 
6 


16 


17 

7 


16 


10 



App. time at ship, 

Long. 10'20'E,) 

= (byXI.),> 



6«» 69' 2" 
41 20 



Equation of time, 
Mean time atGreen., 6 
B.A. of Jupiter,) 
July 20,) 
Hourly Var., ) 
+ 1.97" X 5>» > 
R. A. of Jupiter, 
Dec. of Jupiter, July 20, 
Hourly Var., — 10.3'^ X &^ 
Dec. of Jupiter, 



6 


17 
6 


42 
1* 


.,5 


23 


43 


9^ 


6r 

+ 


36^' 
10 


9 


61 


46 


13» 


66' 


24" K 
62 


13 


64 


32 N 



Eq. of time, July 20, + 6' 0" 
Daily Var., 3'^ increaring, 

gives for 6i» {XIV.), + 

Equation of time, 
0'8 B. A., July 20, 
Corr. for 6^ 23', (XH.), 
0's R, A, 



+ 6 


1 * 


7h 68' 


36" 
63 


7 69 


29 



Latitude, 
Declination, 
1st Arc, 
2d Arc, 
Altitude, 



9'S 

66 N 



48 4 
20 14 
16 10 



Calculation of the Mean Time, 



Half-cosine, 66^ 41' 
Half-cosine, 78 11 
Half-sine, 21 48 

Sum, 
Difference, 

Meridian distance, 

R. A. of Jupiter, 

R. A. of meridian, 

B. A. of the Sun, 

App. time at ship, 

Equation of time, 

Mean time at ship. 



2 13 62 
33 63 
4b r 88'' W, 
9 61 46 


Prop. Log., 10.1286 

Prop. Log., 7263 

Log. 9.4033 


13 63 23 

7 69 29 




6 63 64 

+ 6 1 

6 69 66 
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ON FINDING THE MEAN TIME BY AN ALTITUDE. 13 



ARTICLE IV. 



To find the Mean Time by an AUUude of the Moon. 



BULES. 

1. Find the mean time at Greenwich, as in the case of the Sun. 

2. Take from the Nautical Almanac, the Moon's Right Ascension, and Declination ; and also 
the Moon*s Horizontal Parallax, and Semi-diameter. 



Note 1. The Moon's Right Ascension and Declination are given at pages v. to xii. of tho Abnatiac, for eycry hour of 
Greenwich mean time. Hence, if they are taken oat for the given hour of time, the corrections must be found for the 
remaining minutes and seconds of the given time. These corrections may be found by means of the hourly variations, and 
Table XXI. The correction of the Declination may also be found thus : take the difference for 10 minutes of time, as given 
in the Almanac, and remove the decimal point one place to the left, which will give the difference for 1 minute of time ; then 
multiply this by the minutes and seconds of the given time expressed in minutes and decimals of a minute. These correc- 
tions are additive or subtractive, according as the quantities to which they have to be applied are increasing or diminishing. 

Ncfte 3. The Moon's Horizontal Parallax and Semi^diameter are given for noon and midnight of Greenwich mean 
time ; at page iix. of the Almanac. Take these out for noon, if the given mean time is less than 12 hours ; but take them 
out for midnight, if the time exceeds 12 hours; and, at same time, note the variation of each for the next 12 hours. Witii 
the time past noon or midnight and the variations for 12 hours, find the corrections by Table XX., which are to be added 
or subtracted according as the variation is increaidng or diminishing. 

Then proceed exactly as in the case of a Star, Rules 3, 4, 5, 6, and 7, page 10, excepting 
Rule 4, for correcting the altitude, which for the Moon is done as follows :•<- 

From the ohserved altitude, corrected for index error, subtract the Dip (III.), and Refraction 
(IV.), and to the remainder add the Moon's parallax in altitude, found thus i to the Proportional 
Logarithm (X.), of the Moon's Horizontal Parallax, add the Logarithmic Secant, (or Co-secant 
(IX.), of the complement) of the altitude, the sum is the Proportional Logarithm of the Parallax 
in altitude. To the altitude thus corrected, add the Moon's Semi-diameter, if the lower limb was 
observed ; or, subtract it, if the Moon's upper limb was observed, the result is the true altitude of 
the Moon's centre. 



EXAMPLE. 

April 10, 1849, the following altitudes were taken of the Moon's upper limb, then Westward 
of the meridian, in Latitude 34° 40' S., and Longitude by account, 60° W.: the height of the eye 
being 16 feet, and the index error of the sextant ^ 8' 6". Required the Mean time at the ship. 
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ON FINDDIO THB UBAH TIME BY AN ALTITI7DE. 



App. Times 

by Watch. 

18h 20' 6" 

34 

69 


Obs. alts, 
of >'s U. L. 
38^ 6' 

11 

17 


App. time at ship, 18^ 
Long.,60«W,=: J 3 
(by XI.),) 

21 


Preliminan 

i 20' 33" 
20 

40 33 


/ Work, 

Eq. of time, -f 1' 18" 
Var., 16", diminishing, 
gives for 22i» (XIV.), + 16 


3) 98 3) 


33 




Equatoftime, 18* 


Mean, 18 20 33 


38 


11 

8 



6 


Eq. of time, + 


1 33fC 


0'8 R. A., noon, 1»» 16' 42 


Index error, 


Mean time atOreen., 21 


41 36 


Corr.,for21i» 42'(Xn.), -f- 3 22 




38 


2 
3 


65 

50 


>'s Semi-diam., 1 
midnight^ApnllO,) 


14' 47" 


0*sR. A., 1 19 4 


I)ip,(IU.X 


>»8 B. A., at 21h, 16* r 25" 




37 


69 
1 


6 
13 


Var.forl2h,— 1",J 
giTe8,forl0h(XX.),J 

>'s Semi-diam., 


«. 1 
14 46 


do. at22h, 16 9 27 


Eef. (IV.), 


Hourly Var., -|- 2 2 




37 


67 


62 


H.var.,+ 2' 2" Log. (XXL), 1.4C99 


rs Par. in Alt. 


+ 


42 


43t 


>'8 Hor. Par. i 

midnight, April 10,' 
Var.forl2h,^6",> 

giTes,forlOh(XX),^ 


64' 16" 


Time, 41' 36" Log. 1691 


38 
>'8 Semi.diam., — 

True Alt of ^'s centre, 38 


40 
14 

26 


36 
46 

49 


— 4 


Corr., H- 126" Log. 1.6290 
J*sR. A.,at21h, IGh 7' 25" 
Corr., as above, + 1 25 




ysh 

rsA 

Comn 
t >*s Par 


ys Hor. Par., 

[or. Par., 64' 12" P. L. 
It. 37 68' 

t, 62 2 cosec. L. 


54 12 
6213 

1033 


>'sR. A.. 16 8 60 




ys Dec., at 21b, 15^ 44' 45" 8 
Do., at22»», 16 49 65 S 




Hourly Var., + 6 10 




. in Alt, 42' 43" P. L. 


6246 


H.var.,4. 6'10",Log.(XXI.), 1.0649 














Time, 41' 36", Log. 1691 


The correction of the Moon's ] 


Declination, for 41' 36", 




t Corr., 4- 3' 35", Log. 1.2240 


may also be fonnd thns :— 










» Deo., at 21b, 15" 44' 46" S 


The Variation of the 


Declination for 10' of 




Corr., as above, + 3 86 


time is -f 61". 75, 


which gi 


▼es 


for 1' of time. 




D's DecUnation, 15 48 20 S 



var., -f- 6".176, and this being multiplied 
bj 41' 86" = 41'.^ gives 216".2800 .-=: 3' 85" J 



Calcul(aum of the Mean Time. 



Latitude, 
Declination, 


84« 
15 


40'8 
48 S 








1st Arc, 
2d Arc, 
True alt., 


18 

60 
38 


62 
28 
26 


Half-cosine, 78' 
Half-cosine, 63 
Half-sine, 61 


61" 

3 

48 










Sum, 2« 11 
Difference, 27 

Meridian Distance, 3»» a5' 


64 
3 

26" W, 


Prop. Log. 10.1360 
Prop. Log. 8281 




Log. 9.3119 








])*s R. A., 16 8 


60 






R. A. of Meridian, 19 44 
©SR.A., I 19 


16 

4 










18 25 


11 










Equation of time, -)- 1 


3 










Mean time at ship, 18 26 


14 
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REMARKS. 



1. As Altitades taken at sea ore liable to error^ instead of observing one altitude for finding 
the time, it is proper to observe several altitudes, noting the times of each being taken by^atch ; 
then by adding the altitudes, and also the times, and dividing the sums by the number of them, 
the results will be a mean or average altitude and the corresponding time. An altitude thus found 
may be more depended on than any single altitude, as the errors of observation will thus be made 
to balance each other, at least in part. An odd number of altitudes, such as three or five, is taken, 
as being preferable to an even number. 

2. The Altitude for finding the time should be taken as near as possible to the time the 
celestial body obsenred is on the prime vertical, that is, when it bears due East or due West from 
the observer. At the time referred to the change of altitude, in a given time, such as 1 minute, is 
quickest ; and consequently any error committed in taking the altitude will cause the least error 
in the computed time. An error, also, in the Latitude of the ship will, when the body is on the 
prime vertical, afiect the time found from the altitude then taken less than at any other time. 

3. When the Declination and Latitude are of different names> the celestial body does not 
come to the prime vertical, while above the horizon. Consequently, as it will be due East before 
it rises, and due West after it sets, according to Remark 2 the altitudes ought to be taken as near 
as possible to the time of rising or setting. This would cause the least error in the time, as far as 
the error of the Latitude, and the error made in observing the Altitude are concerned ; but there 
is a more important error to be avoided, viz., that arising from the uncertainty of tlie Refraction 
near the horizon, which renders it advisable not to take an altitude less than 10'', for finding the 
time. 

4. In high Latitudes, it may be stated generally, as a sufficiently correct rule, that the 
Altitude should not be taken when the celestial body is nearer to the meridian than three hours ; 
in low Latitudes, however, the time may often be found more correctly by an altitude taken 
within one hour of the meridian passage of the body, than at several hours from the meridian 
passage in high Latitudes. 

5. The change of altitude for 1 minute of time may easily be found by taking two or more 
observations of the altitude, and noting the corresponding times; the difference of any two of the 
altitudes will be the change of altitude during the difference between the corresponding times, 
from which the change of altitude for 1 minute of time may easily be found by proportion. If 
the altitude changes 6' in 1 minute of time, an error of 1' in the altitude will give an error of 10 
seconds in the time, which will be sufficiently accurate. But if the change of altitude for 1 minute 
of time is much less than 6', the observation should not be relied on; as the change of altitude is 
too slow, which may arise from either of two causes ; viz., either that the observation has been 
taken too near to the meridian passage of the body; or that the declination of the body is of a 
contrary name to the Latitude, and too large. In the former case, an observation should be taken 
when the body is nearer to the prime vertical ; in the latter, the body itself must be rejected as an 
improper one for finding the time. 

6. The time when a celestial body is on the prime vertical may be known, by noting when it 
bears due East or West by the Compass, allowing for variation ; or the time and corresponding 
altitude may be computed by the following Rule3. 



I. To find the Time when a celestial body is an the Prime vertical. 

nULES. 

1- From the Logarithmic Tangent (IX.) of the Declination of the body, subtract tlie 
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16 OK FINDING THB MEAN TIME BT AN ALTITUDE. 

Logarithmic Tangent (IX.) of the Latitude of the ship, (borrowing index 10., when necessary;) 
the remainder is the Logarithmic Sine of an arc, which may, therefore, be found in Table IX. 

2. This arc being converted into time, by explanation of Table XI. page v., and subtracted 
from VI. hours, will give the time before or after the meridian passage of the body, when it is 
on the prime vertical. 

8. As the Sun passes the meridian at noon, the time thus found will be the apparent time, 
P.M., when the Sun is due West ; and if this is taken from 12 hours, the remainder is the apparent 
time, A.U., when the Sun is due East. Or, these times may be found by first subtracting from VIi"., 
and then adding to VP., the time corresponding to the arc found in Rule 1* 

In the case of the celestial body of which the altitude is taken, being the Moon, a Planet, 
or a Fixed star, its meridian passage must be found by subtracting the Right Ascension of the 
Sun from that of the body (the latter being increased by 24 hours, if necessary): it will be 
sufficiently correct, for the present purpose, to take out the Right Ascensions from the Nautical 
Almanac for noon of the given day. To the time of the meridian passage, add the interval found 
by Rule 2, (rejecting 24 hours, if it exceed 24^), the sum is the apparent time when the body la 
due West ; and from the time of the meridian passage, (increased by 24 hours, if necessary), 
subtract the interval found by Rule 2, the remainder is the apparent time when the body is 
due East. 



II. To find the AUitude of a celestial hocfy when on the Prime vertical. 



RULES. 

1. From the Logarithmic Sine (IX.), of the Declination of the body subtract the Logarithmic 
Sine (IX.), of the Latitude of the ship, the remainder is the Logarithmic Sine (IX.), of the true 
Altitude of the centre of the body. 

2. The corrections applied to the observed altitude to find the true altitude, must be applied 
in a contrary manner, when the observed altitude is to be deduced from the true altitude : thus, 
in the case of a star, instead of adding the correction taken from Table XV., as directed in Rule 4^ 
page 10, it must be subtracted from the true altitude to find the observed altitude. 



When the Sun's declination is 15® N., and the Latitude of the ship 67" 9' N., required the 
time when the sun will be on the prime vertical, and the Altitude which the sun's lower limb 
would then be observed to have, the height of the eye being 16 feet. 

Declination, 15^ Sine Log. 19.41.30 

Latitude, 67® 9', Sine Log. 9.9243 

True alt., 17® 67', Sine Log. 9.4887 

— 9', Corr. (XVI.) 

17 48, Obs. alt. of 0'» lower limb. 

6 20 8, P.M., App. time, when Sun is due W. 
6 39 62, A.M., do., when Sun is due E. 



Declination^ 
Latitude, 


16», 
670 9', 


Tan. Log. 
Tan. Log. 


9.4281 
0.1900 




9» 68' 


Sine Log. 


9.2381 




X 4 








Ob 39' 


62'^ 






6 
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SECTION III. 



ON FINDING THE LONGITUDE BY CHRONOMETERS. 



RULKS. 

1. Find the mean time at the ship by Section II. 

2. To the time by the Chronometer when the altitude was taken, apply the error of the 
chronometer, and the accumulated rate, by Section I., Article 8, page 2, to find the mean time at 
Greenwich. 

Q, The difference between the mean time at the ship, and the mean time at Greenwich, will 
give the Longitude of the ship in time (see Section I.> Article 2, page 1)^ which may be reduced 
into space by Explanation of Table XI., page y. 



EXAMPLE I. 

August 20, 1849, a Chronometer showed 14** 18™ 49», when the Sun's altitude was found 
as in Example I., page 8. Required the Longitude of the ship : the error of the Chronometer 
having been determined to be 10™ 44* fest of Greenwich mean time, on June 15, 1849, and gaining 
1".2 daily. 

Note. The time by Chronometer may be found, by noting tbe several times shown by it, when the altitudes are 
observed, and taking their mean. But, as it may be inconyenieut to use the chronometer for this purpose, and as it would 
be improper to remove it from its place, it is sometimes necessary to note the times by watch ; and, after taking their 
mean, the corresponding time by chronometer may be easily found, by subtracting from the mean of the times shown by 
the watch, the portion of time which the watch may be fast of the chronometer ; or, by adding these, if the watch is slow 
of the chronometer. 

Time by Chronometer, 14^ 49™ 18» 

Original error, — 10 44 

Accumulated rate for 

66 days at 1".2 = 79".2 
Mean time at Greenwiclv 
Mean time at ship, 5 9 14, by Example I., page 8. 

liODgitude in time. 
Longitude, 



14 88 
— 1 


34 
19 


14 37 
5 9 


16 


9 28 
60 


1 W 


4)66S« V 


142» (/ 


WW 
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13 ON FINDING THE LONGITUDE BY CHRONOMETERS. 

EXAMPLE II. 

April 14, 1849, a Chronometer showed Q^ 67' 50", when the Sun's altitude was found as in 
Example II., page 9. Required the Longitude of the ship ; the error of the Chronometer having 
been determined to be 3' 5'' fast of Greenwich mean time, on March 2, 1849, and losing 2'\3 daily. 

Time by Chponometer, 8»» 57' 50" 

Original error, — 3 5 

Accnmulated rate, 
for 43 days at 2''.3 = 98 

Mean time at Greenwich, 

Mean time at Ship, 19 43 9, by Example II., pa^^e 9. 

Longitude in time. 
Longitude^ 



EXAMPLE III. 

June 4, 1849, a Chronometer showed 9^ V 40'', when the Sun's altitude was found as in 
Example III., page 9. Required the Longitude of the ship, the error of the Chronometer having 
been determined to be 12^ 4'^ slow of Greenwich mean time, on February 4^ 1849^ and losing 
3''.4 daily. 

Time by Chronometer, 
Original error. 



8 


54 


45 




+ 


1 


39 




8 


56 


24 




19 


43 


9, 


1 


10 


46 


45 


E 


60 








4)646fl 


45^ 






1610 41^ 


15'' E. 



Accumulated rate for ) 

160 days at 3".4 = 610".0,) 

Mean time at Greenwich, 
Mean time at Ship, 

Longitude in time. 



Longitude, 



9»» 


r 


40^' 




+ 


12 


4 




9 


13 


44 




+ 


8 


30 




9 


22 


14 




5 


64 


3 




3 


28 


11 


W. 


60 








4)208P 
620 


ir 

2' 


45'^ 


wT 



EXAMPLE IV. 

July 16, 1849, a Chronometer showed 9*» 47' 6", when the altitude of the star Arcturus was 
found, as in Example I., page 11. Required the Longitude of the ship ; the error of the Chrono- 
meter having been determined to be 2*» 15' 6" slow of Greenwich mean time, on March 5, 1849, 
and gaining V\6 daily. 

Time by Chronometer, 9^ 47' 5" 

Original error, -f- 2 15 6 





12 


2 
3 


11 
31 






11 


68 


40 






10 


45 


26 


fc 




1 


13 


15 


W. 




60 








4) 


73 


15' 








18" 


ir 45" 


W. 



Accumulated rate for 
132 days at l'^6 = 211'^2, 

Mean time at Greenwich, 

Mean time at Ship, 10 45 26 by Example I., page IL 

Longitude in time. 
Longitude, 
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REMARKS 

REGARDING THE ERROR AND RATE OF A CHRONOMETER. 

1. The error and rate of the Chronometer have been supposed, in the preceding Examples, 
to be determined on shore before the sailing of the ship. This is generally done by comparing the 
Chronometer with a well regulated clock, whose error and rate are known : the latter error and 
rate are most correctly ascertained by means of a Transit instrument. As, however, a Chronometer 
does not preserve its rate uniform for any great length of time, its rate should be determined from 
time to time when opportunity offers. 

2. The error of a Chronometer, from Greenwich mean time, can be ascertained at sea by 
means of certain observations of the heavenly bodies ; see Section I., Articles 19 to 22, pages 4 and 
5; but when the ship arrives at a place whose Longitude is accurately determined, advantage 
should be taken of this to find the error of the Chronometer, as follows. 

3. To find the error of a Chronometer at a place whose Longitude is accurately known. 
Take altitudes of the sun, and find the mean time at the place, as in Section II., by Rules at 
pages 7 and 8, to which apply the Longitude of the place in time, to find the mean time at Green- 
wich ; see Section I., Article 3, page 1. The difference between the time by the Chronometer, and 
the mean time at Greenwich, will give the error of the Chronometer. 

Note. In taking altitudes on shore, the artificial horizon should be used, in which case double of the altitude will be 
observed, and there is no dip. Hence, to the observed altitude, apply the index error of the sextant, take half the result ; 
from this subtract the Refraction (IV.), corrected for the heights of the barometer and thermometer (IV.*), and then add 
the parallax in altitude (III.) ; to this add the sun's semi-diameter, if the lower limb was observed, or subtract the semi- 
diameter, if the upper limb was observed : the result is the true altitude of the sun's centre. 



On June 14, 1849, altitudes of the sun were taken at Bombay, in Longitude 72° 63' 26'^ E: 
the mean of the times at which the altitudes were taken being 15^ 4' 32'^ by Chronometer, and 
the calculated mean time at Bombay 15>» 4r 22''. Required the error of the Chronometer from 
Greenwich mean time. 



Mean time at Bombay, 
Longitude, 12'' 63' 26'' = (XI.), 


15h 4' 22" 
*4 61 83.7, E. 


Long.j 


» 72'» 63' 26" 
changed to 


Mean time at Greenwich, 
Time by Chronometer, 


10 12 48.3 
16 4 32 

4 61 43.7 


72' 63" 26"' 

4 


Chronometer, fast, 


4h 61' 33" 44'" 






= 4 61 33.7* 



4. If the error of a Chronometer be again determined, as in Remark 3, at the same place, 
after an interval of some days, the rate will become known, by dividing the gain or loss of the 
Chronometer during the interval, by the number of days in the interval; see Article 7, page 2: 
if the first error is slow, and the second fast, the sum of these shows what the Chronometer has 
gained in the interval; but, if the first error is fast, and the second error slow, the sum of these 
shows the loss of the Chronometer during the interval. Although the Longitude of the place 
requires to be accurately known for determining the error of the Chronometer, this is not necessary 
for finding its rate; as it is evident that an error in the Longitude will affect the two errors of the 
Chronometer equally, and will not therefore alter the gain or loss. The rate may also be found 
by finding the errors of the Chronometer from the mean time at the place instead of Greenwich. 
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EXAMPLE* 



On Jane 23, 1840, altitudes of the sun were taken at Bombay, in Longitude 72'' 63' 26" E; 
the mean of the times at which the altitudes were taken being 3^ 2' 20" by the same Chronometer 
as used in Example to Remark 3, and the calculated mean time at Bombay 3^ 4' 6". Required 
the daily rate of the Chronometer. 



Mean time at Bombay, June 23, at Sh 
Longitude, W 53' 26" = (XL), 4 


4' 
51 


6" 
33.7 E 




Mean time at Greenwich, June 22, at 22 
Time by Chronometer, June 23, at 3 


12 
2 


31.3 
20 




Chronometer, fast, June 23, 4 
Chronometer, fast, June 14^ 4 


49 
61 


48.7 
43.7, 


by Bemark 3L 


Interval, 9 days ) 


1 


65 


gain. 


Dafly Bate of Chronometer, 




12".8 


losing. 



The interval not being exactly 9 days, this will a£Pect the rate : the dates were, 

June 23, at 3h 4^ 
and June 14, at 15 4 



Interval, 8 days, 12i» 



If 8* 12* give 1' 66", then 1 day gives 13".5 losing, as the daily rate. 



Otherwise. 



Suppose that the Longitude of Bombay is assumed to be *J2P 60' E, required the rate of the 
Chronometer. 



Mean time at Bombay, June 14, at 15^ 4' 22" 

Longitude, 720 60^ = (XL), 4 51 20 B 

Mean time at Greenwich, 10 13 2 

Time by Chronometer, 15 4 32 

Chronometer fast, 4 51 30 



Long., 72« 50' 
changed to 

72^ 50" 

4 



4h 51' 20^' 



Again, 



Mean time at Bombay, 
Longitude, 72« 60' = (XL), 


June 23, 

June 22, 
June 23, 

June 23, 
June 14, 

terval, 9 dj 

ter. 


at db 
4 


4' 
51 


6" 
20 E 




Mean time at Greenwich, 
Time by Chronometer, 

Chronometer fast. 
Chronometer fast, 


at 22 
at 3 

4 
4 


12 
2 

49 
51 


45 
20 

35 
30, 


as above. 


In 
Daily Bate of the Chronome 


lys ) 


1 


65, 
12".8 


losing, 
losing. 



Otherwise. 

The rate may also be found by finding the errors of the Chronometer from mean time at 
Bombay. 
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4 


32 


10" 


3h 
3 


4r 

2 


5" 
20 




1 


45 
10 


) 


1 


65 


12"-8 
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Mean time at Bombay, June 14> 

Time by Chronometer, 

Chronometer fast of Bombay time. 

Mean time at Bombay, June 23, 

Time by Chronometer, 

Error of Chronometer from Bombay time, June 23, 1 45 slow. 

Do., June 14, 10 fast, as above. 

Interval, 9 days y 
Daily Rate of the Chronometer, ' 12"*8 losing. 

5. Although the Longitudes of two places may not be accurately determined, the difference 
of their Longitudes may be nearly correct. Hence, although the error of a Chronometer cannot 
be ascertained with accuracy at either of these places, by the method in Remark 3; the rate of the 
Chronometer may be found nearly correct by Remark 4. The time at the place which is to the 
Eastward of the other is fast of the time at the latter, by the difference of Longitude in time. 

EXAMPLE, 

May 25, 1849, at Aden, when the Chronometer used in Example to Remark 3, showed 
4*» 55' 43'', the mean time at Aden was found to be 3^ 0' 14" by altitudes of the Sun. Required 
the rate of the Chronometer, Bombay being 1^ 50' 57" E. in Longitude from Aden. 

Mean time at Aden, May 25, at B^ 0' 14'^ 

Difference of Long, from Bombay, 1 50 57 E 

Mean time at Bombay, 4 51 11 

Time by Chronometer, May 25, at 4 55 43 

Error of Chronometer, May 25, 4 32 fast of Bombay time. 

Do., June 1^ 10 fast, by Ex., Remark d. 

Interval, 20 days ) 4 22 
Daily rate of the Chronometer, 13".l losing. 

Note 1. If the error of a Chronometer is ascertained at a certidn date at any place, from which the ship sails and again 
returns after a short interval, when the error is again found, it is evident that the sea rate of the Chronometer will thence 
be found by Remark 4. 

Or, if the ship, instead of returning to the place left, arrives at another place whose difference of Longitude from the 
first place is known, the sea rate is determined as in Remark 5. 

Note 2. If the error of a Chronometer is found for several successive days at the same place, and the rate computed 
as in Remark 4, the average error may be deduced, by redudng each error to the last date of observation, and then taking 
the average of the results. 

Note 3. The altitudes should be taken as nearly as possible at the same tune of each day, as this will not only give 
nearly an entire number of days in the interval between the observations, but the rate is found to be more accurate tlian 
when deduced from altitudes, some of which are taken in the forenoon and some in the afternoon. 



Suppose that the error of the Chronometer used in Examples to Remarks 3 and 4, had been ascertained on several days 
between June 14 and June 23 to be as follows, and the rate of the Chronometer 13".5 losing, as in Example of Remark 4. 



June 14, 


at 


l6^ 


error. 


c 


lO^'.O 


fast, and 


13".5 X 8i days = r 54'^7, 


gives 


1' 


44'^7 slow. 


15. 


» 


3b, 


M 





3 .5 


». » 


13 .5 X 8 „ =1 48 .0, 


„ 




44 .5 „ 


16, 


., 


3\ 


„ 





9 .9 


slow, „ 


13 .5 X 7 „ =1 34 .5, 






44 .4 „ 


18, 


n 


a\ 


„ 





37 .1 


*t »» 


13 .6 X 6 „= 1 7 .5, 






44 .6 „ 


20, 


n 


3h, 


„ 





44 .4 


n 11 


13 .5 X 3 „ =0 40 .5, 


,, 




44 .9 „ 


21, 


n 


3b, 


»» 


1 


18 .0 


i» 11 


13 .5 X 2 „ =0 27 .0, 


,, 




45 .0 „ 


2H, 


n 


8h, 


w 


1 


45 .0 


» 




n" 


TT 


46 .0 „ 
13 .1 














Mean error on June 23, from Bombay time, 






44 .7 slow. 
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0. When there are aeveral Chronometers on board they should be compared with each other 
every day at nearly the same time of the day, and the differences of the times shown by them 
noted, one of the Chronometers being taken as the standard. By applying these differences to the 
time shown by the standard Chronometer when altitudes are taken to ascertain the Longitude as 
at page 17, the corresponding time by the other Chronometers become known ; and, hence, by 
applying to these the original errors and accumulated rates, the time at Greenwich is found, and 
the Longitude of the ship may therefore be deduced from each Chronometer^ and the mean of 
them taken. 

From these differences also the daily gain or loss of each Chronometer when compared with 
the others may be found, and hence their comparative regularity of going may be estimated. 
Hence, when there are several Chronometers at hand, the irregular motion of one of them may be 
detected; and this Chronometer would be rejected in finding an average Longitude from the 
Chronometers. 



Suppose three Chronometers, A, B, and C, are compared together about the same hour of each 
day, as in the following Table, and that the daily rate of A is 10".4 gaining, of B = 8".4 gaining, 
of G == 2".4 losing. 



Date. 


I. 


3. 


3. 


4. 


6. 


6. 


7. 


8. 


9. 


Time 
by 

A 


Time 
by 
B 


Time 
by 
C 


A 

fast of 
B 


A 

fostof 
C 


B 

fast of 
C 


A 

gains 
onB 


A 

gains 
one 


B 

gains 
one 


Jane 13 
14 
15 
16 
17 
18 


9h (y 0" 

9 
9 
9 
9 
9 


8h 57^ 49".9 
8 57 47 .7 
8 57 45 .5 
8 57 43 .3 
8 57 41 .0 
8 57 38 .7 


8h 55' 47''.5 
8 55 34 .7 
8 55 21 .8 
8 55 8 .8 
8 54 56 .0 
8 54 43 .4 


2' lO'M 
2 12 .3 
2 14 .5 
2 16 .7 
2 19 .0 
2 21 .3 


4' 12^^.5 
4 25 .3 
4 38 .2 

4 51 .2 
6 4 .0 

5 16 .6 


2^ 2''.4 
2 13 .0 
2 23 .7 
2 34 .5 
2 45 .0 
2 65 .3 


2''.2 
2 .2 
2 .2 
2 .3 
2 .3 


12".8 

12 .9 

13 .0 
12 .8 
12 .6 


J0".6 
10 .7 
10 .8 
10 .5 
10 .3 



Daily gain of A = 
Daily gain of B = 

Daily gain of A on B =r 



2 .2 



Daily gain of A = 10",4 
Daily loss of C = 2 .4 

Daily gain of A on C = 12 .8 



Daily gain of B = 8" 
Daily loss of C =; 2 

Daily gain of B on C = 10 



In the above Table, the times in column 2 subtracted ftom the times in column 1 give the 
times in column 4; in the same manner, from columns 1 and 3, we find the times in column 5; 
and from columns 2 and 3, the times in column 6. By subtracting each time in column 4 from 
the one below it, we find the quantities in column 7; and in the same manner, we find columns 8 
and 9 from columns 5 and 6. From column 7, it appears that A is gaining on B almost uniformly 
the difference between their daily rates 2^'.2, it may therefore be presumed that these Chronometers 
are both going steadily. Again, from columns 8 and 9, it appears that the comparative rates of C 
with A and B are nearly uniform and equal to the difference of the daily rates, or 12'^ '8 and 1C.6; 
consequently. Chronometer C may be presumed to be retaining its original rate nearly, althougli 
not going so steadily as A and B. 
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BXERCISE8. 

1. A Chronometer showed 0^ 20™ 33», January 21, when the star Altair's altitude was found 
as in Example ii., page 11. Required the Longitude of the ship, the error of the Chronometer 
having been determined to be 2** 6™ 16' fast of Greenwich mean time on December 1, 1848, at 
noon, and gaining 2«.3 daily. 

Answer. Mean time at ship, January 20, 1849, at 20»» 3'" 6« ; mean time at Greenwich, 
22h 13" 21- ; Longitude of ship, 32° 33' 46" W. 

2. A Chronometer showed 6*» 21" 31% July 20, 1849, when the planet Jupiter's altitude was 
found as in Example, page 12. Required the Longitude of the ship, the error of the Clironometer 
having been determined to be 1^ 4" 4".9 fast of Greenwich mean time on June 6, 1849, at noon, 
and losing 1*.6 daily. 

Answer. Mean time at ship, 6*» 69'° 66«; mean time at Greenwich, 5^ 18™ 34»; Longitude of 
the ship, 10' 20' 16'' E. 

3. A Chronometer showed 20^ 43" 11».6, April 10, 1849, when the Moon's altitude was 
found as in Example, page 13. Required the Longitude of the ship, the error of the Chronometer 
having been determined to be l^" 2" 8" slow of Greenwich mean time on March 16, 1849, at noon, 
and losing 2*.l daily. 

Answer. Mean time at ship, 18*» 26" 14» ; mean time at Gi'eenwich, 21'» 46" 11' ; Longitude 
of the ship, 49« 69' 15'' W. 

4. July 10, 1849, in Latitude 46** 42' N., the altitude of the Sun's lower limb was observed 
to be 26* 29', in the afternoon, when a Chronometer showed 3*» 49" 14». Required the Longitude 
of the ship, the error of the sextant being + 4' 10", the height of the observer's eye, 24 feet, and 
the error of the Chronometer, 1*» 3" 4' fast of Greenwich mean time, on June 20, at noon, and 
losing 4".8 daily. 

Answer. Mean time at ship, 5^ 1"^ 46* ; mean time at Greenwich, 2^47'°^ 46".6; Longitude 
oftheship,33'22'21"E. 

Note. By the Nautical Almaoac, the Sun's dectinatioa is 22° 14" 28'' N., on July KK and 22« 6' 40'' N., on July U. 
The equation of time is 4m 58s.05 on July 10, and 5m 6a.3 on July 11, additive to apparent time. 



6. September 6, 1849, at noon, a Chronometer was 3^ 6" 7".4 fast of Greenwich mean time, 
and gaining 10*.4 daily. 

November 2, 1849, in Latitude 36° 9' S., the same Chronometer showed 4»» 46" 3% when the 
altitude of the Sun's lower limb was observed to be 26° 67', in the afternoon. Required the 
Longitude of the ship : the index error of the sextant being + 3' 10", and the height of the 
observer's eye 22 feet. 

Answer. Mean time at ship, 4»» 19" 38« ; mean time at Greenwich, 1* 29" 61-.7; Longitude 
of ship, 42° 26' 36" E. 

Note: By the Nautical Almanac, the Sun'a declination is 14» 49^ 18" S., on November 2, and 15« 8' 4" S., on 
November 3. The equation of time is I6m 16».50, on November 2, and l&n 16».57 on November 3, subtractive from apparent 
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6. June 20, 1849, at noon, a Chronometer was 20°" 15* fast of Greenwich mean time ; and on 
July 3, at noon, it was 18™ 26« fast. 

July 20, civil time, in Latitude 39* 40' N., the altitude of the Sun's lower limb was observed 
to be 32^ 15', in the forenoon, when the same Chronometer showed G"* 1"* 5«, p. m. Required the 
Longitude of the ship ; the index error of the sextant being — 3' 6^\ and the height of the 
observer's eye 24 feet. 

Answer. The daily rate of the Chronometer was 8».4 losing; the mean time at the ship, 
19h 48tn lit on July 19 ; mean time at Greenwich, 5»» 45°* 4» on July 20; Lon- 
gitude of the ship, 149' 13' 15'' W. 

Note. By the Nautical Almanac, the San*s declination is 20<' 39' AV^ N. on July 20, and 20** 28' 13" N. on July SI. 
The equation of time is 6m 59'.82 on July 20, and 6m 3>.19 on July SI, additive to apparent time. 

7. December 1, 1848, at noon, a Chronometer was 0^ 2™ 3».4 fast of Greenwich mean time ; 
and on December 20, it was 0^ 1" 2' slow. 

. January 25, 1849, in Latitude 31° 15' N., the altitude of the Sun's lower limb was observed 
to be 18° 9', in the afternoon, when the Chronometer showed 16** 2" 4% January 24. Required 
the Longitude : the index ^rror of the sextant being + 2' 10", and the height of the eye 22 feet. 

Answer. The daily rate of the Chronometer was 9«.8 losing ; the mean time at the ship, 
Qh 45in 41 • on January 25; the mean time at Greenwich, 16*» 8°» 55'.5 on January 
24; and the Longitude of the ship, 174*^ 11' 23'' E. 

Note. By the Nautical Almanac, the Sun's declination is 19® 9' 29'' on January 24, and 1 8° 64' 45" on January 85. 
The equation of time is 12m 27>.8 on January 24, and 12m 41a.8 on January 26, additive to apparent time. 

8. January 2, 1849, at noon, a Chronometer was 18<» 40'.5 fast of mean time at Paramatta, in 
Longitude 151'' 1' E.; and January 13, at noon, it was lO*" 30».5 fast, at the same meridian. 

February 20, 1849, in Latitude 25** 19' S., the altitude of the star Arcturus was observed to 
be 16® 18' East of the meridian, when the above Chronometer showed 7** 58™ 17' on February 21. 
Required the Longitude : the index error of the sextant being — 4' 10", and the height of the eye 
22 feet. 

Answer. The daily rate of the Chronometer was 4'.5 gaining; the mean time at the ship, 
12^ 3» 36' on February 20; the mean time at Greenwich, 21^ 31» 47'.5 on 
February 20; and the Longitude of the ship, 142° 3' 7" W. 

Note. By the Nautical Almanac, the R. A. of Arcturus is I4h 8m 46t, and the declination is 19** 68' 16" N. On 
February 20, the R. A. of the Sun is 22h I5m 12s.47, and on February 21, it is 22b i9m 2a.03; and the equation of time is 
13m 69«.65 on February 20, and 13m 62>.64 on February 21, additive to apparent time. 

9. June 20, 1849, at noon, a Chronometer was 2'" 47' fast of Greenwich mean time, and losing 
10'.2 daily. 

July 10, 1849, in Latitude 26° 19' N., the altitude of the centre of the planet Mars was 
observed to be 30° 54' West of the meridian, when the above Chronometer showed 1*» 15™ 5" on 
July 11. Required the Longitude: the index error of the sextant being + 2' 5", and the height 
of the observer's eye 22 feet. 
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Answer. The mean time at ship, 23»» 21" 19« on July 10; the mean time at Greenwich, 
lb 16« 53. on July 11 ; and the Longitude of the ship, 28'' 38' 30" W. 

Note. By the Nauticftl Almnmc, the R. A. of Mars is 2ii 30m 46s.03 on July 11, and 2^ 33m 28a. 15 on Jaly 12 ; and the 
declination of the planet is 13** 18' 8'^8 N. on July 11, and 13" 31' 35''.7 N. on July 12. The R. A. of the Sun is 
7h 22m I3a.l9 on July II, and 7i^ 26m 17I.68 on July 12 ; and the equation of time is 5m 6«.30 on July 11, and 5m 14'.U on 
July 12, additive to i4>i>arent time. 



10. February 5, 1849, at noon, a Chronometer was slow l^ 2« 3» of Greenwich mean time, 
and gaining 4'.2 daily. 

May 13, 1849, in Latitude 34° 9' S., the altitude of the Moon's upper limb was observed to be 
30* V, East of the meridian, when the above Chronometer showed 1^ 30™ 5'. Required the 
Longitude of the ship : the index error of the sextant being + 4' 10", and the height of the 
observer's eye 24 feet. 

Answer. The mean time at the ship, 12»» 32™ 24' ; the mean time at Greenwich, 2'* 25™ 20« ; 
and the Longitude of the ship, 151* 46' E. 

Note. By the Nautical Almanac, on May 13, the R. A. of the Moon is 20h 12m 28>.04 at 2h, and 20h 1 4m 33«.24 at 3b ; 
and the declination is 16*" 49' 57^'.2 S. at 2b, and 16" 45' 24'^.0 S at 3b. On May 13, at noon, the semi-diameter of the Moon 
is 14' 56^^.2, and at midnight it is 15"^ 0".4 ; the Moon's horizontal paraUax is 54' 48".7 at noon, and 55' 4'^.1 at midnight 
On May 13, the R. A. of the Sun is Sb 20m 35«.37, and on May 14 it is 3b 24m 31 1.42 ; and the equation of time is 8m 54a.70 
on May 13, and 3m 55".21 on May 14, subtractiye from apparent time. 



11. At Paramatta, in Latitude 33° 48' 42" S., and Longitude 151" 1' E., on October 20, 1849, 
at 4^ 8™ 5' apparent time by watch, the double altitude of the Sun's lower limb was observed to 
be 49*» 34' 20", By an artificial horizon, when a Chronometer showed 2»» 9™ 3». And on October 
31, at 4.^ 10™ 4" apparent time by watch, the double altitude of the Sun's lower limb was observed 
to be 53* 30' 10", when the same Chronometer showed 2^ 11™ 5'. Required the daily rate of the 
Chronometer, and its error compared with Greenwich mean time when the latter altitude was 
taken : the error of the sextant being — 2" 10". 

Answer. The mean time at the ship was 4^ 11™ 49" on October 20, and 4»» 10™ 54* on 
October 31. The Chronometer was 8^ 1" 18" fast of Greenwich mean time on 
October 20, and Q^ 4™ 15* fast on October 31 ; and its daily rate 16'*1 gaining. 

Nate. By the Nautical Almanac, the declination of the Sun is 10<* 3' 1^^8 S. on October 19, and lO*" 24' 39'''.2 S. on 
October 20; and the equation of time is 14m 56*. 12 on October 19, and 15m 6*.34 on October 20, subtractive from apparent 
time. Also, the Sun's declination is 13<» 51' 15'''.4 S. on October 30, and 14» 10' 48".4 S. on October 31 ; and the equation of 
time is 16m Ii8.45 on October 30, and 16m I3t.93 on October 31, subtractiye from apparent time. 



12. June 5, 1849, at Falmouth, in Latitude 50" 8' 50" N., and Longitude 5' 2' 45" W., at 
19»» 20™ 5« i^parent time by watch, the double altitude of the Sun's lower limb, taken by an 
artificial horizon was found to be 59^ 29^ 30", when a Chronometer showed lO^" 9™ 4*. 

On June 18, 1849, at Funchal, in Latitude 32^ 37' 40" N., and Longitude 16* 54' 55" W., 
at 20^ 52™ 6" apparent time by watch, the double altitude of the Sun's lower limb was found to be 
94® 28' 50", when the same Chronometer showed 12»» 29™ 40-. Required the rate of the Chrono- 
meter, and the error from Greenwich mean time when the latter latitude was taken: the error of 
the sextant being -J- 3' 10". 
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Answer. On Jane 5, the mean time at Falmouth was 19^ 19" 16* ; and Chronometer, 
9^ 80°" 28* slow of Greenwich mean time. On June 18, the mean time at Funchal 
was 20'» SI"* 17", and the Chronometer, 9^ 29» 17» slow. The daily rate of the 
Chronometer was 5'.1 losing. 

Note. By fhe Nsntieal Almanac, the San's declination is 27f> 34' 15'\7 N., on June 6, and iTfi 40" 37'^0 N., on June 6; 
and the equation of time ia Im 62i.67, on Jane 6, and Im43i.l9, on Jane 6, subtractiye from apparent time. The Sun's 
declination is oafi 25^ 24^^.1 N^ on June 18, and 23^ 26^ 28^^.4 N., on June 19; and tiie equation of time is 0™ 42*.93, on 
June 18, and Om Ma.99, on Jane 19, additive to apparent time. 
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SECTION IV. 



ON FINDING THE LONGITUDE BY LUNAR DISTANCES. 



In this method for finding the Longitude, the observer takes the distance between the nearest 
limbs of the Sun and Moon, or between the ^olightened limb of the Moon and a Planet or Fixed 
Star, while other observers note the time by watch, and take the altitudes of the bodies. It is 
conducive to accuracy to take several observations^ as in the case of altitudes, see Remark 1, page 
15, and to find their mean. 

The general principle on which this method is founded has been explained in Article 22 of 
Section I., page 5; we must, therefore, as there stated, proceed first to find the True distance from 
the given observed distance* 



ARTICLE L 

To find the True diskmce between the centres of the Moon^ and Sun, or a Planet, of* a Maed star, 

PRELIMIITART RULES. 

1. Find the mean time at Greenwich nearly, as in Preliminary Rule 1, Section I., page 7. 

2. To find the elements firom the Nautical Almanac. From page iii. of the Almanac, take 
out the horizontal parallax and s^ni-diameter of the Moon, for noon or midnight, according as 
the mean time at Greenwich is less or greater than 12 hours, and note the variation of these for 12 
hours; then correct them for the number of hours the given time icT past noon or midnight, by 
Table XX. : the correction taken from this Table being additive or subtractlve, according as the 
variation in 12 hours is increasing or diminishing. To the semi-diameter of the Moon, add the 
Augmentation, taken from Table III., which will give the semi-diameter at the given altitude. 

If the Sun is observed, take the semi-diameter firom page n. of the Nautical Almanac; and, 
if a Planet is observed, take out its horizontal parallax from the proper page of the Nautical 
Almanac. 
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3. To find the apparent altitudes: from the ohserved altitude, corrected for index error, 
Buhtract the Dip (III')» the remainder is the apparent altitude of the Planet or Star ; but, for the 
Sun or Moon, add to this remainder, or subtract from it, the semi-diameter, according as the 
altitude of the lower or upper limb was observed : the result is the apparent altitude of the centre. 

4. To find the apparent distance between the centres of the bodies : for the Sun and Moon 
(their nearest limbs being always observed), to the observed distance, add the semi-diameter of the 
Sun, and the augmented semi-diameter of the Moon ; but, for the Moon and a Star or a Planet, 
to the observed distance add, or from it subtract, the Moon's augmented semi-diameter, according 
as the distance from the Moon's near or remote limb was observed : the result thus obtained is the 
apparent distance between the centres of the bodies. 

Note. When a planet ia observed, the distance should, properly, be taken from one of its limbs, and the semi-diameter 
of the planet should then be applied as in the case of the Sun ; but it is more convenient in practice to take the distance 
from the centre of the planet. 



To find the Correction ctrising from Refraction. 

1. Enter Table V., with the less apparent altitude at the top, and the greater apparent 
altitude in the side column, and find the corresponding Auxiliary Are from the Table ; see 
Explanation of this Table, pages ii. and iii. 

2. Enter Table VI., with this Auxiliary Arc in the side column, and the Apparent distance 
at the top, and find Hhe first correction or correction for Refraction from the Table : see explanation 
of this Table, pages iii. and iv. This correction is to be added to the Apparent distance, to obtain 
the distance corrected for Refraction. 



To find the Correction arising from the Moon's Parallax. 

3. Find the Departure of the Moon in altitude, by Table I., and add it to the apparent 
altitude. For the Sun, Star, or Planet, take the Refraction from Table IV., and subtract it from 
the apparent altitude. The results thus obtained are the corrected altitudes. 

4. In the first line : write the Logarithmic Sine, and Logarithmic Tangent of the Distance 
corrected for Refraction, (Table IX.) 

5. In the second line t write the Logarithmic Cosecant of the corrected altitude of the Sun, 
Star, or Planet, and the Logarithmic Cosecant of the corrected altitude of the Moon, (Table IX.) 

6. In the third line: write in both columns, the Proportional Logarithm of the Moon's 
horizontal parallax, (Table X.) 

7. Find the sums of the two columns thus formed, (rejecting 10 from the index of the first), 
and the results will be respectively the Proportional Logarithms of the first arc^ and second arc of 
the Departure of distance. The first arc is always West : the second arc is East, when the distance 
is less than 90® ; and West, when the distance is greater than 90°. 
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8. Find the amount of the first and aeiHmd area, attending to their names as in Traverse 
Sailing : that is, add them, if they are of the same name, and make the sum of the common name; 
but, take their difference, if they are of contrary names, and make the difference of the same name 
as the greater arc. The result thus. obtained is the Departure of Distancey or the correction of 
distance for the MoorCs parallax: this must be corrected by applying to it the correction from 
Table VIII., which is always West, 

9. The Departure of distance, thus found, if East, is to be added to the distance corrected for 
Refraction, found by Rule 2; but subtracted from it, if West: the result is the True Distance. 



Note. It may be observed that all tlie qaantities found by the preceding Rules are West, except when the dUtanee it 
t€$a than 90° ; in which case, the tecond arc of departure is East, which may malce the departwe <tf distance also East, 



To find the Correction arising from the Parallax of the Sun or a Planet. 

10. The correction for the Sun*s parallax is found, by inspection from Table VII., see Ex- 
planation of this Table, page iv. This correction is to be added to the Apparent distance^ along 
with the Correction for Refraction found in Rule 2; but 10" must be added to the correction for 
Departure of distance, found by Table VIII., as in the last part of Rule 8. 

11. The Correction for a Planet^s parallax is found by taking the correction, as in the case of 
the Sun, from Table VII., and multiplying it by the Planet's horizontal parallax, rejecting the 
last figure of the product. The correction thus found is to be added to the apparent distance, and 
the Planet's horizontal parallax must also be added to the correction for Departure of distance, as 
in the case of the Sun. 



EXAMPLE I. 

The apparent distance between the Moon's centre and a Star was found to be 99® 33' 14", the 
Moon's apparent altitude, 26® 23^ the Star's apparent altitude, 48® 16', and the Moon's horizontal 
paraUax, 56' 30''. Required the true distance. 



Apparent Distance W 
Aiix.arc.(V.), = l6",) . 
gives Ist Corp. (VI.),' 

Corrected Distance, 99 
.jfc's Corrected alt., 48° 
>'s Hor. par.. 


' 83' 14" 
2 61 

36 5 
16' 
66' 80" 

42' 46" W., 

4 18 W. 

47 8 W. 
17 W. 


y% App. alt.. 
Departure (I.), 

3'8 Coppected alt. 

Log. Sine, 9.9939 

Log. Cosec. 1272 

P. L. 6032 

P.L. 6243 


26® 23' *'8 App. alt, 
+ 23 Bef. (IV.), 

26 46 ^'s Coppected alt., 

Log. Tan. 

Vb Copp. alt. 26" 46' Log. Cosec. 

P.L. 

2d Apo, 4' 18" W., P. L. 


48P 16' 
— 1 


48 16 

7718 
3464 
6032 


Ist Arc, 


1.6314 


2dAro^ 

Departure of Distance, 
Corp. for Dep. 47' (VIII.), 




47 20 W. 
Coppected Distance, 99® 36 5 

True Distance, 98 48 45 
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EZAMPLB II. 



The Apparent distance between the centres of the Sun and Moon was found to be 7d° 59' 54'% 
the apparent altitude of the Sun, 32P 59', the apparent altitude of the Moon, 65^ 35', and the 
Moon's horizontal parallax, 57' 2(y\ Required the true distance. 



Apparent Dittance, 
Anx. arc (V.). = 15",) 
gives 1st Corr. (VI.),' 
0'8 Corp. (vn.). 

Corrected Distance^ 
0*8 Corrected alt., 
y^ Hor. par., 

1st Arc, 

2d Arc, 

Departure of Distance^ 



79» 59' 54" 
4- 2 11 

+ 2 


ys App. alt., 
Departure (L), 

>'8 Corrected alt.. 

Log. Sine, 9.9984 

Log.Cosec. 2643 

P.L. 4969 

P. L. 7546 


m'' 35' 
+ 11 
65 46 

)'8 Corr. alt 
2d Arc, 9' ir 


0*8 App. alt.. 
Kef. (IV.), 

0*8 Corrected alt.. 

Log. Tan. 
, 65® 46' Log. Cosec. 
P.L. 

' B., P. L. 


32* 59' 
— 1 


32 58 


80 2 7 
320 5g/ 

57' 20" 


7552 
0401 
4969 


ar 40" W. 


1.2922 


9 11 E. 







22 29 



10"+Corr.forDep.22'(Vin.), 31 



Corrected Distance, 
Tme Distance, 



28 

80» 2 



W. 



79 39 7 



EXAMPLE III. 



June 25, 1849, in Latitude 14^ 50' N., and Longitude by account, 45o 40' W., the following 
sets of altitudes, and distances between the nearest limbs of the Sun and Moon, were observed : 
the times being noted from a watch showing apparent time at the ship nearly, the height of tibe 
observer's eye being 22 feet, and the index errors of the Instruments as undemoted. Required the 
true distance between the centres of the Sun and Moon. 



Times by Watch. 
5h 18«n 10« 

20 3 

21 47 



3 ) 60 
Means, 5 20 



Obs. alts., 0's L. L. Obs. alts., >'s L. L. 



W 15' 
14 49 
14 20 



3 )44 24 

14 48 

Index errors, — 2 

14 46 



780 1^ 
77 38 
77 12 



3)232 


61 


77 

+ 


37 
3 


77 


40 



Obs. Distances. 
W 8' 35'' 
9 40 
10 30 



8) 


28 


45 


70 


9 

1 


35 
5 


70 


8 


30 







Preliminary Work. 




Time by Watch, 6»» 20" 
Long.45P40'W= ) « „ 

by (XL), J/ 
App. time at Green., 8 22 


0« 
40 
40 


y% S. D., noon, 15' 
Var.inl2»»= — 8",gives 
for 8>» (XX.), ) 

15 


46" 
5 

41 


Eq. of time, noon, + 2 


14 


0*s S. D., noon, 15 


45 


Mean time at Green., 8 24 


54 


Daily Var. = 0", gives) 
for 8h (XIV.), ) 






15 45 



>'s Hor. par., noon, 57' 50" 
Var.inl2i^ = — 28",gives) _ ^q 
for8h(XX.), > - 



57 31 
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Cakulatian of the True DiOance, 



Obserred Dist., 
G's S. D., 
Tb S. D., 

Aug. (in.), 

Apparent Dist., 
Aux. arc (V.), = 115 

gives (VI.), for 

100" = 
15 =r 

115 
O's Corr. (VII.), 

Corrected Dist., 
0*8 Corr. alt., 
])*8 Hor. par. 

1st arc, 

2d arc. 



10" + Corr. for Dep. 4' (VIH.), 

Departure of Dist., 
Corrected Dist, 

True Distance, 



70» 8' 30" 
+ 15 45 
+ 15 41 


Obs. alt. ys L. L., 
r$ S. D., + 15' 56" 
Dip (in.), — 4 30 


770 40' 
+ 11 


Obs. alt. O's L.L., 140 46' 

O'sS.D., +15' 45" 

Dip (III.), — 4 30 +11 


+ 


15 


ya App. alt., 


77 


61 


0's App. alt.. 


14 57 


70 40 


11 


Dep. (I.), 
ys Corr. alt., 


+ 
77 


6 
57 


Ref. (IV.), 
©»s Corr. alt., 


— 4 


15", 


14 53 


p 
1' 46" 

^ ^^ + 3 


43 












+ 















70 43 

14P 53' 

57' 


54 
31" 


Sine, 9.9750 

Cosec. 5903 

P. L. 4955 




ys 


Corr. alt., 77° 67' 


Tan. 4665 

Cosec. 0097 

P.L. 4966 


15' 


39" 


W. P.L. 1.0608 




2d arc, 19' 39" B., 


P.L. 9617 


19 


39 


E. 











4 



30 


E. 


3 
700 43 


30 
54 


E, 


70 47 


24 





EXAMPLE IV. 



August 2, 1849, in Latitude 20" 5' N., and Longitude, by account, 127^ W E., the following 
sets of altitudes, and distances between the Star « Arietis and the Moon*a nearest limb, were 
observed : the times being noted from a watch, showing apparent time at the ship nearly, the 
height of the observer's eye being 22 feet, and the index errors of the instruments as undernoted. 
Required the true distance between the Star and Moon's centre. 



Times by "Watch. 


Obs. alts., of*. 


Obs.alts.ofD'sU.L. 


Obs. Distances. 


llh 29'» 6« 


10° 69' 


500 33/ 


1020 22' 20" 


30 35 


40 


31 


21 35 


32 11 


21 


24 


20 50 



3) 



91 51 



3) 120 



3) 93 



64 45 



Means, 11 30 37 



10 40 
Index errors, — 2 

10 38 



50 



31 
3 



60 34 



102 21 85 
— 1 5 

102 20 30. 



Time by Watch, llh 30«n 37" 

Long. 1270 10- E.=) Q 33 ,, 

by (XL), 5 

App. time at Green., 3 1 67 

Eq. of time^ noon, + 5 57 



Preliminary Work. 

])'s S. D., noon, 14' 62" D's Hor. par., noon, 

gives) ^ 



Var.inl2h= + 2' 
for 3h (XX.), 



54' 33" 
Var. in 12i» = + 10", gives ) , « 
for8i»(XX.), J"^ 



14 52 



U 34 



Mean time at Green., 3 7 64 
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Obserred DUt., 
J>'8S.D., 14' 52" 

Aug. (HI.), 12 


1020 20' 30^' 
— 15 4 


w. 


\latim of th 

Obs. alt. > 
>'8 S. D., 

Dip (III.). 

;^'8 App. a 
Dep.(L), 
D*8 Corr. a 

Sine, 

Cosec. 

P.L. 

P.L. 


\e True D% 

»8 U. L., 

— 14' 52" 

— 4 30 


stance, 
50" 34' *'8 Obs. alt.. 

Dip. (in.), 

— 19 *'8App. alt., " 
50 15 Ref. (IV.), 
+ 17 *'s Corr. alt., " 
50 32 

Tan. 

D's Corr. alt., 50» 32' Cosec. 

P.L. 

2d arc, 9' 5" W., P. L, 


100 38' 
— 5 

10 33 


Apparent Dist., 
Aux. arc (V.), = 135" 
giTe8(VI.),for 
100" = 1'42" 
35 = 3 17 

135 


102 

-4- 


5 26 
4 59 


It.." 
It., 

9.9901 
7407 
5184 


- 5 
10 28 


Corrected Dist., 
5|c'8 Corr. alt., 
D's Hor. par.. 


102 
10» 

re, 
re, 


10 25 
28' 
54' 34" 

10' 8" 
9 5 


6664 
1124 
5184 


Ista 
2da] 


1.2492 


1.2972 


Corr. (VIII.), 




19 13 
19 


w. 
w. 




Departure of Dist., 
Corrected Dist., 

True Distance, 


102° 
101 


19 32 
10 25 

50 53 





EXAMPLE v. 

Jane 28, 1849, in Latitade 10^ 15' N., and Longitude, by account, 66® 45' E., the following 
sets of altitudes, and distances between the centre of the planet Jupiter and nearest limb of the 
Moon, were observed: the times being noted from a watch showing apparent time at the ship 
nearly, the height of the observer's eye being 22 feet, and the errors of the instruments as under- 
noted. Required the true distance between the centres of Jupiter and the Moon. 



Times by watch. 


Obs. alts. Jup. 


Obs. alts. D's L. L. 


Obs. Dists. 


7»» 56» 3- 


18" &5r 


74'* 36' 


59° 2' 25" 


57 35 


34 


33 


3 10 


59 5 


13 


30 


3 55 



172 43 



Means, 



3) 



102 



7 57 34 18 34 

Index errors, — 2 



18 32 



3) 




99 




74 

+ 


33 
3 




74 


36 



3) 


9 


30 


59 


3 
1 


10 
5 


59 


2 


5 



Time by watch, 7^» 57™ 34» 

Long.,66M6'E. = ) . ^ ^ 

by (XI.),) 
App. time at Green., 3 30 34 
Equat. of time, noon, -f* 2 52 



Mean time at Green., 3 33 26 



Preliminary Work, 

D's S. D., noon, 15' 6" 
Var.inl2h=: — 5"give8) . 
for 3h (XX.),) 



15 5 



D's Hor. par., noon, 56' 24" 
Var. in 12h = — 18", gives) _ . 
for3h(XX.),) 



55 20 



Jupiter's Hor. par., 
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Calculation of the True Distance, 



Observed Dist., 




5r 


2' 


6" 


Obs. alt. D's L. L., 


740 


SG' 


Jupiter's Obs. alt, 18' 


32^ 


ys s. D., 




+ 


15 


5 


D'sS.D., -h 15' 5" 






Dip (III.), - 


6 


Ang. (III.), 






+ 


16 


Dip (III.), — 4 30 
D's App. alt., 


+ 
74 


11 

47 


Jupiter's App. alt., 18 
Ref. (IV.), - 


27 


Apparent Dist., 


59 


17 


25 


3 


Aux. arc. (V.), = 


= 77'' 








Bep. (I.), 


+ 


7 


Jupiter's Corr. alt., 18 


24 


gives (VI.), i 


For ' 








J)*8 Corr. alt.. 


74 


54 






70'' = r 


22" 


















7=1 


33 


+ 


2 


65 













0'sCorr.(Vn.) = l" 
XI 



,1" 



Corrected Dist., 
Jupiter's Corr. alt., 
D's Hor. par.. 


59 
18'> 


20 
24' 
65' 


20 
20" 




Sine, 
Cosec. 
P. L. 


9.9346 

5008 
5123 


1st arc. 




20' 


18" 


W., 


P.L. 


9477 


2d arc. 




31 


40 


E. 






1" + Corr. (VIII.), 




11 


22 
22 


E. 






Departure of Dist., 
Corrected Dist., 


59° 


11 

20 



20 


E. 




True Distance, 


59 


31 


20 







Tan. 2270 

D's Corr. alt., 74" 54' Cosec. 0153 

P.L. 5123 



2d arc, 31' 40" E., P.L. 7546 



Remark 1. Instead of employing assistants to take the altitudes, the observer may, as in the 
following example, first take the altitude of the body nearest the meridian, then the altitude of 
the other body, and then an odd number of distances, concluding with taking altitudes in the 
reverse of the order commenced with. After finding the mean of the distances, and of the corre- 
sponding times, the altitudes for this time may be easily computed by proportion, as the change 
of altitude may be reckoned to be proportional to the change of time. The altitude of the body | 
nearest the meridian is first taken, as its altitude will change uniformly during a longer interval 
than that of the other body. 



EXAMPLE VI. 



January 15, 1849, in Latitude 20® 6' S., and Longitude, by account, 149'* 40' W., the follow- 
ing altitudes, and distances between the nearest limbs of the Sun and Moon, were observed : the 
times being noted from a watch showing apparent time at the ship nearly, the height of the 
observer's eye being 22 feet, and the errors of the instruments as undemoted. Required the true 
distance hetween the centres of the Sun and Moon. 
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Times by Watch. 
19»» 57"» 43» 
19 58 50 

19 59 54 

20 1 5 
20 2 15 


Alt. of ])*8 
Alt. of 0'i 

Distance, 

M 

M 
M 

» 

Alt. of 0*1 
Alt of ys 


L. 

iL 
L. 


L., 
.L, 


60» 53' 
, 34 20 

84 46 25" 
84 46 55 
84 47 25 


3)60 3 14 
20 1 5 


3) 140 45 
S4 46 55 


20 3 21 
20 4 28 


, 33 28 
59 27 



To CalcuUae the AUUudes at time of Mean Distance. 



Time of D's first alt., 191" 57ni 43* 
Do. second alt., 20 4 28 



6 45 



Time of 0*s first alt, 191" 58« 50* 
Do. second alt, 20 3 21 



4 31 



Time of D*s first alt., 19^ 57« 43i 
Time of mean Dist, 20 1 5 



3 22 



Time of 0*s first alt., 191^ 58« 50> 
Tune of mean Dist, 20 1 5 

2 15 



D*s first alt, eO"" 53' 
D's second alt, 59 27 



0's first alt., 34» 20' 
0*s second alt, 33 28 



52 



e» 45" : 3» 221 : : 1» 26' S 



3»22», P. L. 
1* 26'. P. L. 



Change of ])*s alt., 
D's first alt., 

D's alt., 60 10 



6m 45% 
0» 43', 
M) 53 



1.7281 
3208 

"2^0489" 
P. L. 1.4260 

P.L. 



0.6229 



4« 31" : 2« 15" : : 0* 52^ 
2« 15-, P. L. 1.9031 
0« 52', P. L. 



Change of 0*8 alt., 
0's first alt, 

0'8 alt., 



4««31% P.L. 
0* 26' P. L. 

34 20 



33 54 



Hence, thefolUming resuUs are obtained from the observations: — 



2.4424 

1.6005 

0.8419 



Time by Watch. Obs. alt., D*8 L. L. 

20'» l«n 5« eO'* 10' 

Index errors, — 2 

60 8~ 



Obs. alt., O's L. L. 
33'» 54' 
+ 3 
33 57 



Obs. Dist 
84* 46' 55" 
— 1 5 

84 45 50 



Preliminary Work, 

Time by Watch, 20* 1™ 5> D's S. D., noon, 14' 53" D'8 Hor. par., noon, 54' 36" 

Long. 149'' 40' W.=) a « ^a Var. in 12* = - 3", gives) . Var.in I2h =- ll",gires) ^ 

by (XL), ) ^ "^ for6h(XX.), ) ^ for 6* (XX.), i" 

App. time at Green., 29 59 45 14 62 

24 0's S. D., noon, 16' U" . 

Do., on January 16, 5 59 45 Daily Var. = 0", gives) ^ 
Eq. of tune, noon, + 10 9 for 6^ (XIV.), > 



Mean time at Green.,) g o 54 
January 16, i 



16 17 



54 31 
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Oalmlatian of the True Distance, 



Observed Dist., 

0»8S.D.. 

D'sS-D., 


84* 45' 60" 
+ 16 17 
+ 14 62 


Obs. alt., D's L. L., 
D'sS.D., +14' 62" 
Dip, — 4 30 


60* 
+ 


8' Obs. alt., O's L. L., 

0'b S. D^ 4- 16' 17" 
10 Dip, — 4 30 


33'* 67' 
+ 12 


Aug. (III.). 


+ 14 


})*8 App. alt., 


60 


18 


34 9 


Apparent Dist., 


86 17 13 


Departure (I.), 


+ 


13 Ref. (IV.), 


— 1 


Aux. arc (V.) == 11'', 

gives CVL), 
0'b Corr. (VII.), 


'}+ 2 16 
+ 2 


D's Corr. alt.. 

Sine, 9.9986 

Cosec. 2609 

P. L. 6187 

P. L. 7682 


60 


31 0's Corr. alt., 

Tan. 
D's Corr. alt., 60* 31' Cosec. 

P.L. 
2d arc, 3' 62" E. P. L. 


34 8 


Corrected Dist., 
O'g Corr. alt., 
D's Hor. par., 


86 19 31 

34* 8' 
64' 31" 
30' 42" W. 


1.0882 
0602 
6187 


Ist arc, 


1.6671 


2d arc, 


3 62 E. 










10" + Corr. (Vm.), 


26 60 W. 
31 W. 




Departure of Dist., 
Corrected Dist., 


27 21 W. 
86* 19 31 




True Distance, 


84 62 10 











Remark 2. It may happen that the atmosphere is in a suitable condition for observing a 
lunar distance, but an undefined horizon may, at same time, prevent the altitudes being observed; 
in which case it will be necessary to compute tJie altitudes as in the following example. 

For this purpose, the apparent time at the ship must be found nearly correct, which may be 
done as follows. Take altitudes, as in Section II., either before or after the observation of the 
lunar distances, from which compute the apparent time at the ship corresponding to the mean of 
these altitudes. 

To this apparent time apply the elapsed time between the observations of the altitudes and 
distances, and also add the difference of Longitude in time made during the interval, if to the 
eastward, but subtract it, if to the westward ; the result is the apparent time at the ship when 
the distances were observed; from which the altitudes may be computed by the following rules. 



1. From the apparent time at the ship, and the Longitude, by account, find the mean time at 
Greenwich as in Section II., Article I., Preliminary Rule 1, page 7. Corresponding to this time, 
find the elements from the Nautical Almanac, as in Section II., Article I., in the case of the Sun; 
or as in Article II., in the case of a fixed Star; or as in Article III., in the case of a Planet; or 
as in Article IV., in the case of the Moon. 

2. Find the least meridian distance of the bocfy whose altitude is required. This, in the case of 
the Sun, is the time from the nearest noon. But if the body be the Moon, a Planet, or a fixed 
Star: add the Sun's right ascension to the apparent time at the ship, the sum, (deducting 24 hours, 
if it exceed 24 hours) will be the right ascension of the meridian; the difference between which 
and the right ascension of the body is the meridian distance of the body; but should this exceed 
12 hours, subtract it from 24 hours; the remainder is the least meridian distance of the body. 
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8. If the Sun's declination and the Latitude are of the same name, first subtract the less from 
the greater, and then add them; but if they are of contrary names, first add them, and then 
subtract the less from the greater: the^r^^ and second arcs wiU thus be obtained. 

4. Find the sum of the half-cosines, (XVII.), of the Jirst and second arcs; but, if the second 
arc exceeds 90°, take it from 180° to find its supplement, and subtract the half-cosine of this 
supplement from the half-cosine of the first are. From the Proportional Logarithm of this sum 
or remainder, increasing the index by 10, subtract the Logarithm, (XVIII.), of the least meridian 
distance of the body, found by Rule 2: the remainder is the Proportional Logarithm of an arc, 
which being subtracted from the half-cosine of the jflrst are, will give the half-sine, (XYII.), of 
the true altitude. 

5. To the true altitude add the Refraction, (IV. )» which will be the apparent altitude, in the 
case of the Sun, Star or Planet; but, in the case of the Moon, from this subtract the Moon*8 
parallax in altitude, found by Rule, page 18; the remainder is the Moon's apparent altitude. 



BZAMFLB Til. 

October, 24, 1849, in Latitude 36® 4' S., and Longitude, by account, 87** 51' W., at 3»» 10» 5. 
by a Chronometer, which was losing 12» .4 daily, the distance between the nearest limbs of the 
Sun and Moon was observed to be 96° 22' lO^'ybut the altitudes could not be observed on account 
of the horizon being indistinct. 

At 4^ 69" 10« by same Chronometer, the horizon being clear, the altitude of the Sun's lower 
limb was found to be 21° 12': the height of the eye being 24 feet, the ship being now in Latitude 
36° 14' S., and Longitude, by account, 87° 37' W., and the apparent time at the ship, 4'> 49"» 
nearly. Required the true distance between the centres of the Sun and Moon. 



;} 



4h 49m o« 
5 50 28 



To find the Apparent time, 

O's Dec, nooD, ) ^^o ^ ^r g 

increasing,) 
Corr. for 10»» (XIU.), -f- 9 



10 


39 
16 


28 
41 


10 


23 


47 


35» 
11 


14' 

68 


S. 
S. 



App. time at ship, 
Long. 87'' 37' W. = 
by (XL). 
App. time at Green., 
Eq. of time, noon, 
Mean time at Green., 

Latitude, 
Declination, 

Istarc, 23 16 Half-cosine, 76' 33" 

2d arc, 47 12 Half-cosine, 56 37 

True alt., 21 21 Half-sine, 30 20 

Sum, 20 13 

Difference, 46 

Meridian Distance = Apparent time, 4b 48« 45", 
Time of Alt., by Chron., 
„ ofDist., by „ 

Daily loss, 12'^4, gives for 2^ (XIV.), 
Elapsed time. 

Long, at time of Dist. is 14' W. ) 

of Long, at time of Alt., S 

App. time of Distance, 2 58 43 



Obs. alt., 0*8 L. L., 
Corr. (XVI.), 
0's True alt, 



210 12' 

_+_ ?- 
21 21 



0*s Declination, 11 58 S. 

Or, the correction of Declination = the hourly variation, -\- 5l".96 X lOh.4 
— -^ 640".a80 = + 9' 0", 



10 
13 



4h 59™ lOi 


3 


10 


5 


1 


49 


5 




+ 


1 



1 49 6 
"2 59 39 



(XL), 



56 



P.L. 
P.L. 

P.L. 9.5404 



10.1309 
5905 
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To find the Stm's Altitude when the Distance vxm observed. 

App. time at ship, 2^ 68'" 43^ 0's Dec, noon. Increasing, lio 49^ 32^' S. 

Long.87»51'W==) , ^, ^ 

by (XI.),) 

App. time at Green., 
Eq. of time, noon. 

Mean time at Green., 



Corr. for 9»» (XIII.), 
0's Declination, 



8 60 7 
— 16 41 

8 34 26 



+ 8 
11 67 



Latitude, 
Declination, 


360 4/3. 
11 67 S. 




1st arc, 
2d arc. 


23 7 
47 1 


Half-cosine, 
Half-cosine, 

Sum, 
App. time. 


0*8 True alt.. 


430 30', 


Half-sine, 


Ref. (IV.), 


+ 1 




0's App. alt.. 


43 31 







76' 
66 


39" 

49 


20 13 
2h 68« 

19' 


28 . 
43., 
17- 




67 


22 



P. L. 10.1299 
Log. 9.1697 

P.L. 0.9702 



D'sR. A., at 8h = 20h 36™ 27» 
Do. at 9 = 20 38 31 
Hourly var., 



To find the Moon^s Altitude when the Distance was observed. 

D's S. D., noon. 



2 



])*s Dec, at 8h = 160 28' 36" S. 
Do., at 9 =16 23 23 S. 
Hourly var., 



— 6 13 



Var. + 2ni4»,Log.(XXI.), 1.4629 
Time, 34m o, Log. 2467 

Corr. 4- Im 109, Log. 1.7096 

3)*s R. A., at 8b = 20»» 36«» 27" 
Corr., as above, + 1 10 

D's R. A., "20 37 37 



Var. - 6' 13",Log.(XXL), 1.0608 
Time, 34m 0., Log. 2467 

Corr. — 2' 67", Log. 1.3076 

})'8 Dec at 8»» = I60 28^6'^S. 
Corr. as above, — 2 67 

D's Declination, 16 26 39 S. 



14' 63" 

Var.inl2h = +4",) , 3 
gives for 9h (XX.),) "^ 

ys S. D., 14 6% 

J)'s Par., noon, 64' 37'' 

Var.iul2h=+14",) , -- 

give8for9h(XX.),) "T" 

D's Hor. Par., 64 48"^ 



D** Meridian Distance, 
0's R. A., 13h m^ 46^ 

App. time, 2 68 43 



0'sR.A.,noon, 13»» 66a^ 24* 

Corr. for 8»» 34m (XII.), + 1 22 
0's R. A,, 13 m 46 

0's S. D., noon, r6'~7"''" 



R. A. of Meridian, 16 
D's R. A., 20 


65 
37 


29 
37 








Vb Mer. Dist. 


3 


42 


8 








Latitude, 
Declination, 


360 4/5. 
16 26 S. 












1st arc, 
2d arc, 


18 38 
61 30 






Half-cosine, 78' 68" 
Half-cosine, 61 63 


P.L. 

Log. 






Sum, 20 10 61, 
Mer. Dist., 3^ 42m 8« 


10.1386 
9.3366 




370 21', 
+ 1 






28' 24" 


P.L. 
P.L. 


0.8020 


]>'8 True alt., 


Half-sine, 60' 34" 




Ref. (IV.), 


])»s Hor. par., 64' 48", 


6166 


Par. in alt., 


37 22 
— 44 

36 38 






Alt., 370 22' 
Compt. 620 33/^ 

D'8 Par. in alt., 43' 83", 


Cosec. 
P.L. 


0998 


D's App. alt., 


6163 
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CaleulaHon of the True IHgtance, 



Observed Dist., 
0*8 S. D., 




9e» 22^ 
+ 16 

+ 14 


10" 
7 

56 


D's App. alt., 
Dep. (I.), 

>'s Corr. alt.. 


36» 38 0's App. alt., 43® 31' 
+ 21 Ref.(IV.), — 1 


D's S. D., 


36 59 0'8 Corr. alt., 43 30 


Aug. (III.), 




+ 


9 






Apparent Dist., 
Aux. are (V.) = 1", 
Corr. (VII.), 


, gives (VI.), 


96 58 

+ 2 


22 

30 

2 






Corrected Dist., 
0'8 Corp. alt., 
D's Hor. par.. 




96 55 

43 30 

54' 


54 

48" 


Sine, 9.9968 
Cosec. 1G22 
P. L. 6165 


Tan. 9151 

])*8 Corr. alt., 36^ 59', Cosec. 2207 

P. L. 5166 


l8t arc. 




88' 


0"W. 


P. L. 0.675.5 


2d arc, 4' 0" W., P. L. 1^23 


2d arc, 


p. 42^ (Vin.), 


4 


W. 


- 




10'' + Corp. for De 


42 


w. 

28 W. 




Departure of Dist., 
Corrected Dist., 


42 
96» 56 


28 W. 

54 




True Distance, 


96 13 


26 





Remark 3. When extreme accnracy is required, several small corrections must be a|yplied, 
which are not taken into account in finding the true distance by the preceding Rules.* 



let Correction for the l^hercidcd Figure of the Earth. 

The Moon's horizontal parallax, as given in the Nautical Almanac, is the equatorial horizontal 
parallax, consequently if the place of observation is not on the equator, the parallax will be less 
than that found in the Almanac, as it varies directly as the semi-diameter of the earth: the cor- 
rection to be applied is called the Reduction of the moon's equatorial horizontal parallax, and is 
found in Table IL 

Reckoning the earth a sphere, the apparent horizon of a place is a tangent to the surface of 
the earth, and is parallel to the true horizon: the perpendicular to this, drawn from the place, meets 
the heavens in the zenith. But, taking the earth as a spheroid, a line drawn from its centre 
through the place meets the heavens in the zenith, and a plane perpendicular to this line is the 
horizon. These zeniths and horizons differ from each other, (according to the Latitude of the 
place), excepting at the equator and the poles, where they coincide; and, consequently, the 
altitude of a body taken in reference to the former horizon must differ from the altitude referred 
to the latter: this difference is the correction of the altitude contained in Table II. 

Hence, to find the true distance between the Moon and Sun, or a fixed Star, or a Planet, 
reckoning the earth a spheroid, the true azimuths of the bodies must be given nearly; and then 
proceed as follows. 

* The demonstrations of the Rules for finding these correettons are giyen in the Appendix, pag^e 187. 
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RULES. 

1. With the Latitude of the ship enter Table 11.^ and find the Reduction of the Moon's 
horizontal parallax. Then state as the Moon's horizontal parallax is to the amount of the first 
and second arcs found by Rule 7, page 2B, so is the reduction of the parallax to the corresponding 
correction of the Distance, which is always of an opposite name to the amount of the first and 
second arcs. 

2. With the Latitude of the ship, and the Sun's azimuth, reckoned from the S. orN. accord- 
ing as the Latitude is N. or S., enter Table II., and find the correction of the Sun's altitude. 
With the first arc, found by Rule 7, page 28, expressed in minutes and tenths of a minute, and 
reckoned as a DeparturCy and with the Sun's corrected altitude as a Course^ enter a common 
traverse table, and take out the corresponding Difference of Latitude. Multiply this by the 
correction of the Sun's altitude, found above, increased by its half, the result, cutting off the last 
two integer figures, will give the corresponding correction of distance in seconds; and it will be of 
the same name with or of a contrary name to iYi^fio'st arc, according as the correction of the Sun's 
altitude, found from Table II., is additive or subtractive. The calculation is the same for a fixed 
Star, or a Planet. 

8. With the Latitude of the ship, and the Moon's azimuth, enter Table II., and find the 
correction of the Moon's altitude. With the second arc, found by Rule 7, page 28, and the Moon's 
corrected altitude, proceed as in Rule 2, above given, to find the corresponding correction of the 
Distance. 

4. Take the amount of the three corrections thus found, by the above Rules 1, 2, and 3, and 
apply the amount to the True Distance found by the Rules at pages 27, 28, and 29: the result is 
the True distance corrected for the spheroidal figure of the earth. 

Note. The names of the three oorrectioiuB are to be attended to exactly aa in Rule 8, page 29, regarding the names 
of the firit and teeond arct. 



EXAMPLE. 

In Example 3, pages 30, 31, the Latitude of the ship was 14° 60' N., the corrected altitude of 
the Sun, 14° 53', the corrected altitude of the Moon, 77^ ^7\ and the Moon's horizontal parallax, 
57^ 31 '^ Required the correction of the Dbtance for the spheroidal figure of the earth; the 
azunuth of the Sun being S. 69° W., and the azimuth of the Moon, S. 129^ W. 

The Latitude 14° SC gives in Table II., V for the reduction of parallax; and as the amount 
of the first and second arcs was found, in Example 3, page 31, to be 4' 0'' E., the corresponding 
correction of the Distance will be of a contrary name, or W., and is found as follows: — 

5r sr':4/ 0''::r' 



Ist Spheroidal Corr., 



4' 0" 


p. L. 
P.L. 

P.L. 
P.L. 


1.6532 
4.0834 


5r 31" 


5.6866 
4955 


C'W. 


5.1911 
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To find the Second and Third Corrections. 

By Table II., the correction of Q's alt. is -f" ^'* ^^^ ^^^ correction of ])'8 alt. is — 4' 
add half, 1 add half, 2 



The Iflt arcy by Ex. 3, page 31, is 16' 39" W. = 16'.7 W., with which as a Departure, and the Sun's alt. 
14** 53', say 15° as a Courted the corresponding Difference of Latitude is 58.6. 

The 2d arc, by Ex. 3, page 31, is 19' 39" E. = 19'.7 E., with which as a Departure and the Moon's alt.* 
77° 57', say 78° as a Course, the corresponding Difference of Latitude is 4.2. 

Hence, 58.6 X 3 = 175.8 = (cutting off the two last integer figures) 1".758 = 2" W. = 2d Spheroidal 
correction : which is of the same name as the Ist arc, as the correction of the Sun's altitude is additive. 

And, 4.2 X 6 = 25.2 =r (cutting off the two last integer figures) 0".252 = 0" W. = 3d Spheroidal 
correction : which is of a contrary name to the 2d arc, as the correction of the Moon's altitude is subtractive. 



Hence, Ist Spheroidal Correction^ 
2d 
3d 

The Whole Spheroidal Correction, 
True distance, found by Ex. 3, page 31, 

True distance, corrected for spheroidal figure of Earth, 70 47 22 







0" 


W. 






2 


w. 









w. 






2" 


w. 


70° 


47' 


24" 




70 


47 


22 





Note, The correction for the spheroidal figure of the earth may also be found as follows : Find the true distance by 
the Rules in pages 27, 28, and 29 ; excepting that the corrections taken from Table II. mast be applied to the altitudes in 
finding the corrected altitudes by Rule 3, page 28, and the Reduced horizontal parallax <5f the Moon must be used in the 
calculation instead of the parallax found from the Nautical Almanac : the result thus obtained will be the true distance 
corrected for the spheroidal figure of the earth. 



EXAMPLE : same as above. 



3'sApp.alt., 
Dep. (I.), 
corr. (11.), 


+ 
II.), 


77« 51' 
6' 

4 + 2 

77 53 


W. 
E. 


0's 
Ref. 

Corr 

0's 


App. alt., 

(IV.), 

. (II.), 
Corr. alt., 

Sine, 
Cosec. 
P. L. 

P. L. 


— 4' 

9.9750 
5894 
4956 


140 67' 
— 2 


y% Corr. alt.. 


14 55 


Corrected Dist., 
Q's Corr. alt., 
ys Red. Hor. par.. 


70« 43' 54" 
14 55 

57' 30" 

15' 41" 

19 89 




Ist arc, 


1.0600 




2d arc. 






10" + Dep., 4' (VI 


8 58 
30 


E. 
W. 

Er 




Corrected Dist., 


3 28 
70<» 43 54 




True Distance, 


70 47 22 







Jl's Hor. par., 57' 81" 

Reduction (II.), — 1 

^'s Red. Hor. par., 57 30 



Tan. 4565 

>'8 Corr. alt., 77" 63', Cosec 0098 

P. L. 4956 



I arc, 19' 39" E., 



P. L. 9619 
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2d Correction for the Heights of the Thermometer and Ba/rometer, 

The refractions given in Table IV., correspond to the thermometer at 50°, and the barometer 
at 29.6 inches; hence, a correction must be applied to them, or any quantities proportional to 
them, should the height of the thermometer or barometer differ from the above-mentioned mean 
heights. The corresponding correction of the distance is found as follows. 



nuLE. 

The correction of the distance for refraction is the arc found in Table VI., by Rule 2, page 
28, diminished by 20": with this refraction, and the height of the thermometer, find a correction 
from Table IV.,* (see explanation of the Table, pages i. and ii.); and with the same refraction, 
and the height of the barometer, find another correction from same Table. The amount of these 
two corrections, attending to their algebraical signs, will be the correction of the distance for the 
heights of the thermometer and barometer. 



EXAMPLE, 

In Example 3, page 30, suppose the height of the thermometer to have been 89°.2, and the 
height of the barometer, 28.2 inches. Required the correction of the distance corresponding to 
these. 

The arc fonnd in (VI.), by Ex. 3, page 31, is 0' 43", 

which cUminished by 20 

gives the Correction of Dist. for Refraction, 3 23 



Correction, b> Table IV.,* tor Therm. 88% and Ref. 3' = — 16" 

„ » , „ 88% and Ref. 23" = — 2 





»> > 


» 


88% and Ref. 3' 23" 




n f 




92% and Ref. 3' 
92% and Ref. 23" 




a » 


» 


92% and Ref. 3' 23" 


92'* 

88 






19 89%2 
18 88 



18 



= — 17" 
= — 2 

"^ — 19 



Hence, if ^4** give 1" , l«».2 gives 0" (by proportion). 

Correction for Therm. 88" , and Ref. 3' 23" ^ — 18 

Correction for Therm. 89'*.2, and Ref. 3^ 23" ^= — 18'' 

Correction, by Table IV.,* for Barom. 28.1, and Ref. 3' =i — 9" 

„ 28.1, and Ref. 23" = — 1___ 

„ 28.1, and Ref. 3' 23" '"^~— ~10~" 

» 28.3, and Ref. 3' "ZZ" ^ g" 

„ 28.3, and Ref. 23" = — 1 

„ 28.3, and Ref. 3' 23" = — 9" 

G 



Digitized by 



Google 



42 ON FINDINO THB LONGITUDE BY LUNAR DISTANCES. 

28.3 10" 28.2 

28.1 9 28.1 



Hence, if .2 gives 1'^ , .1 gives 0'' 

Correction for Barom. 28.1, and Ref. S' 23'' = — 10 



Correction for Barom. 28.2, and Ref. 8' 23''' = — 10 



Therefore, Correction for Therm, being — 18" 

and, „ for Barom. being — 10 



The whole Correction of Dist. is — 28 

True Distance, as corrected at page 40, 70° 47' 22 



True Distance, as now corrected, 70 46 64 



Note. In correcting an altitude, the mean refraction, as found above, should also be corrected; but this may be 
neglected in finding the True distance, as the altitude viU be sufficiently correct for this purpose, without applying such 
correction. 



dd Correction for the elliptical form of the Hmb of the Moon or Sun, 

If a horizontal line be drawn through the centre of the Sun or Moon, the refraction of every 
point on this line is the same as that of the centre; but the refraction of points along the limb 
diminish, and is the least at the highest point. As the change of refraction is nearly proportional 
to small changes of the altitude, the limb of the Sun or Moon will thus appear to assume an 
elliptical form: the same will be the case of the lower limb; but it will appear to be more flattened 
than the upper limb, as the difference between the refractions of the lowest point of the Moon or 
Sun and its centre is greater than the difference between the refractions of the centre and highest 
point. These corrections of the distance, for the Moon and Sun, are found as follows: the same 
method is applicable for the Moon and a Fixed star, or a Planet, excepting that the correction 
only for the Moon requires to be calculated, as there is no correction for a Fixed star, or Planet. 



1. Find the parallax of the Moon in altitude, as in Rule, page 13: or, with the apparent 
altitude of the Moon as a course, and the horizontal paraUax as a distance^ find from a common 
traverse table, the difference of latitude, which will be the parallax in altitude. 

2. To the departure of dbtance, found by Rule 8, page 29, apply the quantity 20'^ E., 
increased by 1(K^ in the case of the Sun, or by the horizontal parallax of the Planet in the case of 
a planet. With this corrected departure as a difference of latitude, and the parallax of the Moon 
as a distanccy find from a common traverse table, the course, which will be the angle at the 
Moon. 

8. To the Logarithmic sine of the angle at the Moon, (IX.), add the Logarithmic sine of the 
Moon's zenith distance; and from the sum of these Logarithms, subtract the Logarithmic sine of 
the Sun's zenith distance, the remainder is the Logarithmic sine of the angle at the Sun. 
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4. Enter the following Table with the angle at the Moon, at the top of the table, and the 
Moon's altitude in a side column, and take out the correction: which is additive to the Distance, 
or subtradive from it, according as the farthest or nearest limb of the Moon was observed in taking 
the distance. 

The Correction for the Sun is found in the same manner. And the amount of these correc- 
tions is the correction of Distance for the elliptical forms of the Sun and Moon. 



Table. 









OOBBECTION OF THE LUNA.B DISTANCE, 














For the elliptical form of the Sun, or Moon. 








Alt. 


Anglo at the Sun, or Moon. 


0* 


W 


15* 


20° '; 25° 


30** 35»|40'> 

1 


45° 50° 


55^ 


60° 


65° 


70° 


75° 


80° 


90° 


o 


// 


// 


// 


/^ 


// 


// 1 // . 


^' 


// 


// 


// 


// 


// 


// 


// 


// 


// 


7 


15 


15 


14 


13 


12 


11 10 


9 


8 


6 


5 


4 


3 


2 


1 








8 


12 


12 


11 


11 


10 


9 8 


7 


6 


5 


4 


3 


2 




1 








9 


10 


10 


9 


9 


8 


8 7 


6 


5 


4 


3 


3 


2 




1 








10 


8 


8 


8 


7 


7 


6 5 


5 


4 


3 


3 


2 















11 


6 


6 


6 


5 


5 


5 4 


4 


3 


2 


2 


2 















12 


5 


5 


5 


4 


4 


4 3 


3 


3 


2 


2 

















13 


4 


4 


4 


4 


3 


3 3 


2 


2 


1 


1 


















14 


3 


3 


3 


3 


3 


2 2 


2 


2 


1 


1 


















15 


3 


3 


3 


3 


3 


2 2 


2 


2 


1 


1 


















20 


2 


2 


2 


2 


2 


1 1 1 


1 


1 


1 


1 



















30 


1 


1 


1 


1 


1 


1 ' 1 


1 


1 


























40 


















































Fop the farthest limb, add: for Jhe nearest limb, subtract. 



In Example 3, page 80, required the correction of the Distance arising from the eUiptical 
forms of the Sun and Moon. 

With the apparent altitude of the Moon, 77** 51', say 78°, as a Course, and the Moon's 
horizontal parallax, 57' 31", say 57^5 as a Distance, the corresponding Difference of Latitude is 
12^0 = the parallax of the Moon in altitude. 

The Departure of the Distance was found to be 3' 30'^ E., page 31, which increased by 30" E., 
gives 4' 0", say 4.0: with 4.0 as a Difference of Latitude, and the parallax of the Moon in altitude, 
12.0 as a Distance, the corresponding Course is 70^ = the angle at the Moon. 

Angle at the Moon, 70®, Log. Sine 9.9730 

Moon's altitude, 770 51' 

Moon's zen. dist.« 12 9, Log. Sine 9.3232 



19.2962 
14 57 
75 3, Log. Sine 9.9850 



Sun's altitude, 
Sun's zen. dist.. 

Angle at the Sun, 12<^, Log. Sine, 9.3112 



Note. The zenith distance is found by subtractings the altitude firom 90*>. 
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With the angle at the Moon 70^, and altitude 77® 51', the correction in the above Table is — ^' 
With the angle at the Sun 12°, and altitude 14 57 the correction in the abore Table is — 3 



Correction for elliptical forms of Sun and Moon, — 3 

True Distance, as corrected at page 42, 70 46 54 



True Distance, as now corrected, 70 46 51 



VUe, Inetead of appl3ring the sereral corrections separately, we may at once ^>ply their amount to the True Distance 
as calculated by Rules, pages 27, 28, and 29: thus. 

True Distance, as calculated at page 31, 70<> 47' %^" 

Correction for Spheroidal figure of earth, page 40, %" W. =r — 2^' 
„ for Therm, and Barom., page 42, = — 28 

„ for Elliptical forms of Sun and Moon, page 44, ^ — 3 

— 83 



True Distance, including the small corrections, 70 46 01 



EXERCISES. 

1. In Example 4, page 81, suppose the azimuth of the Moon to be S. 167^ W., the azimuth 
of the Star S. G9° E., the Temperature 78°, and the height of the Barometer 29.0 inches. Re- 
quired the True distance, allowing for the small corrections. 

Answer, The Spheroidal correction is ^' W. or — 2''; the correction for the Therm, and 
Barom. is — 24^'; and the correction for the elliptical form of the Moon is (X^. 
Hence, the True distance corrected is 101° 50' 27''. 

2. In Example 6, page 32, suppose the azimuth of the Moon to be S. 167° W., the azimuth 
of the Planet S. 77° W., the Temperature 80*>, and the height of the Barometer 28.6 inches. 
Required the True distance, allowing for the small corrections. 

Answer, The Spheroidal correction is V W. or — 1"; the correction for the Therm, and 
Barom, is — 15"; and the correction for the elliptical form of the Moon is 0". 
Hence, the True distance corrected is 69** 31' 4". 

3. In Example 6, page 33, suppose the azimuth of the Moon to beN. 109° W., the azimuth 
of the Sun S. 78*' W., the Temperature 89*', and the height of the Barometer 30.7 inches. Re- 
quired the True distance, allowing for the small corrections. 

Answer. The Spheroidal correction is 2" E. or + 2"; the correction for the Therm, and 
Barom. is — 6"; and the correction for the elliptical forms of the Sun and Moon 
is 0". Hence, the True distance corrected is 84** 52' 6". 

4. In Example 7, page 36, suppose the azimuth of the Moon to be N. 96'' E., and the azimuth 
of the SunN. 109° W., the Temperature 62°, and the height of the Barometer 28.6 inches. Re- 
quired the True distance, allowing for the small corrections. 

Answer. The Spheroidal correction is 6" E. or + 6"; the correction for the Therm, and 
Barom. is — 8"; and the correction for the elliptical forms of the Sun and Moon 
is 0". Hence, the True distance corrected is 96*^ 13' 24". 
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ARTICLE IL 

To find the Mean Time ai Greenwich hy a Lunar Distance; and, thence the error of the Chronometer, 

and LongUttde of the Ship. 

RULES. 

1, Find the True Distance as in Article 1. 

2. Find from pages xni. to xviii. in the Nautical Almanac, the Distances between which the 
True distance falls. Take out the first of these, and place it below the True distance; also write 
after it, the Proportional logarithm taken from the Almanac, and note the time of this distance as 
given in the Almanac. 

8. Find the difference between the True distance and the distance written below it, and from 
the Proportional logarithm (X.), of this difference subtract the Proportional logarithm taken from 
the Almanac; the remainder is the Proportional logarithm of a portion of time to be added to the 
time noted, as above, from the Almanac : the result is the Greenwich Mean time of the True 
distance. 

4. Having obtained the Greenwich Mean Time, the difference between it, and the time shown 
by the Chronometer when the Distance was observed will be the error of the Chronometer, from 
which the Longitude^ of the ship may be found by means of an altitude, as in Section III. This 
Longitude will be that of the ship when the altitude is taken. 

Remark 1. If either of the altitudes observed along with the Distance is suitable for finding 
the time; the Longitude may, at once, be found by computing the Mean Time at the ship from 
this altitude, the difference between which and the Greenwich Mean Time, found by the above 
Rules, will be the Longitude. This will evidently be applicable in case of a Chronometer not 
being on board the ship. But, as it is necessary that the altitude, from which the time is computed, 
should be observed when the body is near the prime vertical, it may often happen that the delay- 
ing until this shall be the case may occasion the loss of the lunar observation, as the state of the 
atmosphere may change so as to prevent such an observation being taken. Should, however, a 
common seconds watch be at hand, this may be used as a substitute for a Chronometer, and thus 
the lunar distance may be taken without reference to the altitudes being suitable for finding the 
Mean Time at the ship. In this case, the altitude for finding the time at the ship should be taken 
as near as possible to the observation of the lunar distance, as the irregularity of the going of the 
watch will thereby have the less effect in producing an error in the Longitude. 



EXAMPLE I. 

Required the Longitude of the ship from the observations given in Example 3, page 30: the 
mean time at the ship to be found from the Sun's altitude which was taken at the same time as 
the Lunar distance. 



Digitized by 



Google 



46 



ON FIIiDING THE LONGITUDE BY LUNAR DISTANCES. 



Calculation of the Qreenvnch Mean Time. 



Trae Distance, (by Ex. 9, page 81), 
DUtaDce, by Nant. Aim., at VT*, 


70® 47' 24" 
09 35 19 , 


P.L. 
P. L. 


2885 


Difference, 


1 12 5 , 


3974 


Time past VI^ 


2h 20m 4i , 


P.L. 


1089 


Add 


6 






Greenwich Mean Time^ 


8 20 4 







Calculation of the Mean Time tU the Ship. 

App. time at ship, nearly, 5»» 20« 0» Eqoat. time, noon, + 2™ 14« 0*s Dec., noon, 23** 24' 13" N« 
Long, by account, 45^ 40' W. ) « o 40 Daily Var., 13« increasing \ t a Hourly var. — 4".55 
= , (XL),) ^ ^ *" giyes for 8»» (XIV.),5 "*" X 



App. time at Green., nearly, 8 22 40 Equat. of time, 
Eqaat of time, noon, -f 2 14 Alt. 0*b L. L. 

Green. Mean time, nearly, 8 24 54 Corr. (XVI.), 

0*8 True alt, 



8»»25n», or 8»».4 



+ 2 18 = — 38".220 



W 46' 0'8 DecUnation, 

+ 8 



2a 23 85 N. 



14 54 



Latitude, W 50' N. 

Declination, 23 24 N. 

1st arc, 8 34 , 

2d arc, 38 14 , 



True altitude, 14 54 



Half-corine, 
Half-cosine, 
Half-sine, 

Sum, 
Difference, 

Meridian distance = App. time, 

Equation of time. 

Mean Time at ship. 



82' 24" 
65 27 
21 26 



2<» 27 51 , 


P.L. 


10.0855 


1 58 , 


P.L. 


.4702 


5b 19'« 37« , 


Log. 


9.6153 


4- 2 18 






5 21 55 







Calculation of the Longitude. 



Greenwich Mean Time, 
Mean Time at ship. 


as above, 8«» 20« 4« 
a, , 5 21 55 

2 58 9 
60 




4)178» 9' 


Longitude of the ship. 


440 32^ lyW. 



EXAMPLE II. 



In Example 4, pa^s 31 and 32, a chronometer on board the ship showed 3'» 49" 32« when 
the Lunar distance was observed. And, on August 3, in Latitude 20^ 15' N., when the same 
chronometer showed 7*» 39™ 37% the altitude of the star a Arietis was observed to be 66° 7', east- 
ward of the meridian. Required the Longitude of the ship, when the star's altitude was taken 
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on August 3, calculating both by the Lunar distance and the chronometer; the original error of 
the chronometer having been ascertained to be 40°' 3* fast of Greenwich mean time on June 6, 
1849^ at noon^ and gaining 2'.4 daily. 



To find the Error of the Chronometer from the Lunar Distance, 



True Distance^ (by Ex. 4^ page 32), 
Distance, by Kaut. Aim., at IIli* , 



101*» 50' 63" 
101 54 28 



Difference, 
Time past Illh, 

Add, 


3h 


3 35 
7m 21* 



P.L. 
P.L. 

fast. 


1.7010 
1.3894 


Greenwich Mean Time. 
Time by Chronometer, 


3 
3 


7 21 
49 32 




Error of Chronometer, 





42 11 





CalctilaHon of the Mean Time at Ship on Aug. d. 



Time by Cbron.« 
Error, fast. 



Gun in interral = 1 day 4i» ) _ 

at 2«.4 daily,) 

Green. Mean Time, 



7i» 39m 37« 0*B B. A., noon, 
- 42 11 Corr. for 7i» (XII.), 

Qf% R. A, 

Eqoat. of time, noon. 



Sh 53»40* 
+ 1 7 



*'s R. A., 
^'s Dec., 



Ih 58m40t 
22* 44' 45" N. 



67 26 

2.8 



8 64 47 *'8 Obs. alt., 66® Y 
+ 5m62i Corr., (XV.), — 5 



Daily yar. — 6», gives ) __ 
6 57 23.2 for 7h (XI v.), 5 



^ ^'s True alt., 66 2 





Equat. of time, -|- 5» 61« 






Latitude, 
Declination, 


20^ 15' N. 
22 45 N. 


P.L. 
P.L. 




Ist arc, 
2d arc, 
True alt.. 


2 30 , Half-cosine, 88' 16" 
43 , Half-cosine, 60 67 
66 2 , Half-sine, 76 9 






Sum, 20 24 12 
Difference, 7 6 


10.0963 
1.4040 




^*s Meridian distance, 1^ 42m 34* E., 


Log. 


8.6923 




*'8R.A., 1 58 40 








R. A. of Meridian, 16 6 
0*sR.A., 8 54 47 








App. time at ship, 15 21 19 
Equat of time, + 5 61 






Mean Time at ship, 16 27 10 







CaHcukntion of the Longitude. 



Mean Time at ship, as aboye^ 
Greenwich Mean Time^ « • 



Longitude^ by Lunar Distance^ 



16h 27m 
6 67 


10- 
23 




8 
60 


29 

~47^ 
26' 


47 




4)509° 
1270 


1^ 


E. 
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Or: 

Time of Alt., by Chronometer, 
Original error of Chronometer, fast, 

Accnmulated gain for 59 days 7h, at 2«.4 daily, 
Greenwich Mean Time, by Chronometer, 
Mean Time at ship, as abovej 



Longitude, by Chronometer, 



7h 39in 37" 


— 


40 


3 


6 


59 


34 


— 


2 


22 


6 


67 


12 


16 


27 


10 


8 


29 


58 


60 






4)509<> 


68' 




1270 29' 


30" E. 



Note. It is evident from the above Example, that the method of finding the Longitude by Lunar Distances dififers 
from that by chronometers, only in respect of the error of the chronometer, which in the former case is computed from the 
Lunar Distance, instead of finding it from the original error, and the accumulated rate. The method of Lunar Distances, 
therefore, a£fords an excellent check on a chronometer, as it will show whether the regularity of the rate of the chronometer 
may be depended on within a sufficient degree of accuracy. A Lunar Distance, therefore, serves the same purpose as a 
Greenwich clock, and an Altitude answers for a ship clock ; as the former gives Greenwich mean time, and the Utter, 
ship mean time. 



EXAMPLE III. 

In Example 6, pages 32 and 33, a chronometer on board the ship showed 4*» 20" 47' when 
the Lnnar distance was observed. And, in the morning of the same day, June 28, in Latitude 
10° 6' N., when the same chronometer showed 16*» 8" 12« on June 27, the altitude of the Sun's 
lower limb was observed to be 26*^ 15^. Required the Longitude of the ship, when the Sun's 
altitude was taken, calculating both by the Lunar distance and the chronometer: the original 
error of the chronometer having been ascertained to be 52"* 13" fast of Greenwich mean time on 
May 20, 1849, at noon, and losing 6«.8 daily. 



To find the error of the Chronometer from the Ltmar Distance* 



True Distance, (by Ex. 6, page 33), 
Distance, by Naut. Aim., at IIIt», 

Difference, 

Time after Illh, 

Add, 

Greenwich Mean Time, 
Time by Chronometer, 

Error of Chronometer, 47 15 fast. 



59° 


31' 


20^' 


59 


14 


24 




16 


56 


Oh 33m 32« 


3 








3 


33 


32 


4 


20 


47 





47 


15 



P. L. 

P. L. 1.0265 

P.L. 



7297 



Calculation ofths Mean Time at ship. 



Time by Chron., 16«» 8« 
Error, fast, — 47 


>12« 
15 


0'B Dec, noon, ) 33 g^, ^^.^^ 
June 27, ) 

Dailyvar. = -.6''.60,X) t «q 
15h = 99''.00)"' 

0'8 DecUnation, 23 18 31 N. 


Eq. time, noon, 
Daily var. + 12t, 
gives for 15h (XIV.) 

Eq. of time, 

Alt. 0'8 L. L., 

Corr. (XVI.), 

0*8 True alt., 


+ 2m39« 

J + « 

+ 2 47 
260 15' 


Rate in intervals) 15 20 
12h at 6».8 daily, ) 

Green. Mean Time, 15 20 


57 
3 

54 






+ 10 




26 25 
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Latitude, 
Declination, 


10 
23 


5'N. 
19 N. 


e, 81' Y' 
e, 69 34 
37 4 


P.L. 
P.L. 

Log. 




let arc, 
2d arc, 
True alt., 


13 
33 
26 


14 , Half-cofiin 

24 , Half-cosin 

25 , Half-sine, 

Sam, 
Difference, 

Meridian Distance, 

Apparent time, 
Eq. of time. 

Mean time at ship, 






2« 30 41 , 
44 3 , 
4i» 21'n 50« , 
24 

19 38 10 
+ 2 47 

19 40 57 


10.0772 
6113 




9.4659 



Calculation of the Longititde. 



Mean Time at ship, as above, 
Greenwich Mean Time, „ , 


19»» 40ni 57« 
15 20 54 




4 20 3 
60 




4)2600 3" 


Longitude, by Lunar Distance, 


65° O' 45'' E. 


Or: 




Time of Alt., by Chronometer, 
Original error of Chronometer, 


16h 8n»12« 

— 52 13 


15 15 59 
Accumulated rate for 38 days 15i> at 6'.8 daily, 4 22 


Mean Time at Greenwich, 
Mean Time at ship, as aboye. 


15 20 21 
19 40 57 




4 20 36 
60 




4 ) 260° 36' 


Longitude, by Chronometer, 


65" 9'E. 



Remark 2. As a Lunar distance gives the error of the chronometer at the time of the 
observation, the error may be ascertained for noon of the given day by applying to the calculated 
error the gain or loss of the chronometer during the interval. And thus if several observations of 
Lunar distances be taken, either during the day, between the Sun and Moon ; or at night, between 
the Moon and fixed Stars or Planets ; and the error of the chronometer, at noon, found from each 
observation : the mean of these errors will give an error more to be depended on than that deduced 
from a single observation. Lunar distances, although not all taken on the same day, may thus be 
combined together for finding the error of the chronometer, by deducing the error for noon of any 
one day from each observation. In taking several observations, for the purpose of combining 
their results, it is proper to take distances of stars to the eastward of the Moon, and the distances 
of an equal number of stars to the westward ; as the errors of observation will thus be more likely 
to counteract each other than if the stars, used in the observations, were all on the same side of the 
Moon. In taking a single observation of a Lunar distance, that star should be selected, whose 
distance from the Moon changes most rapidly, as the errors of observation will thereby the less 
effect the result of the calculation: the smaller the proportional logarithm in the Nautical 
Almanac is^ the quicker is the change of distance from the Moon. 
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Remark 8. The Greenwich mean time corresponding to the Trae Lunar distance was found, 
by Rules, page 45, on the supposition that the rate of change in the distance is proportional to the 
change of the corresponding time. Bat as the Moon's motion is not uniform, it frequently 
happens that this will cause an error of some importance in the time thus calculated. - And 
consequently a correction must he applied, which is called the correction for the inequality of the 
Moon's motion. 

To find the Correction for the Inequality of the MoorCe motion. 



1. Find the approximate Greenwich Mean Time by Rales, page 45. 

2. Take the difference between thd Propoi-tional Logarithms given in the Nautical Almanac 
opposite to the distances between which the true distance falls. 

d. With this difference of logarithms, and the approximate interval or portion of time found 
by Rules, page 45, take out the corresponding number of seconds from the following Table. This 
is the correction required, and is to be ctdded to the approximate Greenwich Mean Time, if the two 
Proportional Logarithms are decreasing; but it is to be wUracted from it, if these Logarithms are 
increctsing. 

Table. 







COBBEOTION OF THE GbEEHWIGH MeAN TlMB, 














For the Inequality of the Moon'e motion. 










^'i 


InterraL 




Interval. 




Oh 




Ih 






Ok 






1- \ 


§11 


















«- 






Om 


10«'20«n 

1 


30«> 


40m 


50m 


Om 


10m 
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NoU, A similar Table to the above is given in the Nautical Almanac ; it is at page 584 of the Almanac for 1349. 
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EXAMPLE. 

Required the Greenwich mean time, at which the true distance between the Moon and 
Fomalhaut is 84'' 15' W\ on June 14, 1849. 



True Distance, 

Distance, by Naut. Aim., at noon, 


34 16' 
33 36 


10" 
28 


P.L. 


8718 


Difference, 


38 


42 


P.L. 


6676 


Approximate Interval or time past noon. 


Ih 31m 




5- 



P.L. 


2958 


Add, 




Approximate Greenwich Mean Time, 


1 31 


5 







By the Nautical Almanac, the distances between which the tme distance falls are at noon 
and III hours, and the corresponding proportional logarithms are 3718 and 3605, the difference 
between which is 113 decreasing. And, by Table, page 60, this difference 113, and the approxi- 
mate interval, above found, 1^ 31™ 6% or the nearest thereto as given in the Table, 114, and 
l** 30™ , give correction 36"; which is additive^ as the logarithms taken from the Almanac were 
decreasing. 

Approximate Greenwich Mean Time, 1^ 31>n 6« 
Correction, as above, + 35 

Greenwich Mean Time, 1 31 40 



Note. The correction for the inequality of the Moon's motion, in the above Example, amounts to 35*, or 8| miles of 
longitude. 

Remark 3. An error in the distance produces, at an average, an error of 30 times its amount 
in the longitude ; and, therefore, if the error of distance be expressed in seconds, half this will 
be the error in longitude expressed in miles: thus, if the error in the distance be 20", the 
corresponding error in longitude is 30 times 20" or 600" = 10', or half of 20 = 10 miles. Hence, 
the small corrections for the spheroidal figure of the earth, and the apparent elliptical form of the 
Sun or Moon, pages 38 and 42, may in general be neglected, as their omission will not produce an 
important error in the longitude. But the correction for the heights of the thermometer and 
barometer, page 41, and the correction for the inequality of the Moon's motion, page 60, may 
become too considerable to be omitted. The former of these corrections depends on the correction 
of the distance for refraction ; and this will be small, when the altitudes of the bodies are nearly 
equal : it may also be remarked that the correction for the elliptical form of the Sun or Moon will 
be very small under the same circumstances. 



EXERCISES 
IN FINDING THE TRUE FROM AN APPARENT LUNAR DISTANCE. 



The following Exercises may be solved immediately after Example vii., page 36, or after 
Example n., page 30. The mark signifies that the distance between the Sun and Moon is 
observed; and the mark ^, that the distance is between the Moon and a fixed Star. 
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ON FINDING THE LONOITUDB BY LUNAR DISTANCES. 



Ex. 


Hor. Par. 


App. Alt. 

of OP 3|C. 
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59 
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EXERCISES 



IN FINDING THE LONGITUDE BY LUNAR DISTANCES. 



1. April 19, 1849, in latitude 30° 6' N., and longitude by account, 171** 20' W., about 
19'» 60" apparent time by watch, (being April 20, at 7*» 60" A. m.), the distance between the 
nearest limbs of the Sun and Moon was observed to be 29° 60^ 0''; at the same time, the altitude 
of the Moon's upper limb was 9° 64', and the altitude of the Sun's lower limb was 30° 11', east- 
ward of the meridian: the height of the observer's eye being 20 feet, and the instruments adjusted. 
Required the true distance and the longitude of the ship, calculating the mean time at the ship 
from the Sun's altitude. 

Answer. The true distance, 29** 43' 13'^; mean time at Greenwich, April 20, at 7*» 17" 47', 
or April 19, at 31*» 17"* 47' ; mean time at ship, April 19, at 19»» 62" 36« ; and 
the longitude of the ship, 171° 17' 46" W. 



Note, By the Nantical Almanac, the San's deolination is W 34' 27^^.5 N. at noon, on April 20, and ll^ 54' 53'^.6 N. 
at noon, on April 21 ; the equation of time is !>» IQt at noon, on April 20, and Im 23* at noon, on April 21, subtractiFe from 
apparent time; the Ban's semidiameter is 15' 56''. Tlie Moon's semidiameter, on April 20, is 16' I" at noon, and 16' 8" at 
midnight; and the Moon's horizontal parallax is 58' 47" at noon, and 59' 12" at midnight. And the true distance between 
the Sun and Moon is 30o 25' 25" on April 20, at VI hours Greenwich mean time, and 28<> 47' 46" at IX hours; also the 
Intermediate proportional logarithm is 2656. 
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2. July 21, 1849, (astronomical time), in latitude 40° 6' N. when a chronometer, which was 
20" 30» slow of Greenwich mean time, showed 22'> 13»» 30», the altitude of the Sun's lower limb 
was observed in the morning, in order to ascertain the time at the ship, and was found to be 33° 9'. 
And, in order to ascertain the longitude, the distance between the nearest limbs of the Sun and 
Moon was observed to be 36° 41' 11'% when the same chronometer showed, July 22, at 1*» 49™ 30"; 
the altitude of the Sun's lower limb being then 68° 31', and the altitude of the Moon's upper limb 
390 W. Required the true distances, and the error of the chronometer as deduced from it; also 
the longitude of the ship, both by the lunar observation, and the chronometer, when the Sun's 
altitude was taken in the morning for finding the time: the height of the observer's eye be ng 18 
feet, and the instruments adjusted. 

Answer. The true distance, 36° 32' 6^% thence the mean time at Greenwich, July 22, at 
2h io«n 26% and hence the error of the chronometer 20™ 6d» slow of Greenwich 
mean time. The mean time at ship from Sun's altitude, July 21, at 19^ 64" 20"; 
and the mean time at Greenwich is 22»» 34" 0«, by taking the original error of the 
chronometer, or 22^ 34" 26«, by taking the error as deduced from the lunar ; 
hence the longitude is 39<> 55' W. by chronometer, and 40' 1' 16'^ W, by lunar. 

Note. By the Nautical Almanac, the Sim's dedination is 20"* 28' 13'' 4 N., at noon, on July 21, and 20"* 16' 25".5 N., at 
noon, on July 22 ; the equation of time is 6in 3«.19, at noon, on July 21, and 6n 5«.99, at noon, on July 22, additive to apparent 
time; the Sun's semidiameter is 15' 46". The Moon's semidiameter, on July 22, is 16' 2".4, at noon, and 15' 55".l, at mid- 
night; and the corresponding horizontal parallaxes are 58' 5l".9 and 58' 25".l. The true distance between the Sun and 
Moon, on July 22, is 85^ 21' 80" at noon, and 36^ 58' 54" at III hours, and the intermediate proportional logarithm is 2667. 



3. On December 20, 1848, at noon, the error of a chronometer was found to be 16™ 16« fast of 
Greenwich mean time, and losing 6".4 daily. On February 13, 1849, (astronomical time), in 
latitude 35° 9' S., when the same chronometer showed 21>» 47" 40", the altitude of the Sun's lower 
limb was observed in the morning, in order to ascertain the time at the ship, and was found to be 
240 47^. And, in order to ascertain the longitude, the distance between the star Begulus and the 
remote limb of the Moon was observed to be 90** 14' 60", when the same chronometer showed, 
February 14, at 18»» 40" 13«; the altitude of the Moon's upper limb being then 63** 30', and the 
altitude of Begulus 13" 14^. Required the true distance, and the error of the chronometer as 
deduced from it; also the longitude of the ship, both by the lunar observation and the chrono- 
meter, when the Sun*s altitude was taken in the morning for finding the time; the hei«j;ht of the 
observer's eye being 18 feet, and the instruments adjusted. 

Answer. The true distance, 89o 61' 24'', thence the mean time at Greenwich, Feb. 14, at 
18»» 29'n 64", and hence the error of the chronometer 10" 19« fast of Greenwich 
mean time, when the lunar dbtance was taken, and therefore iO"^ 24* fast when 
the Sun's altitude was taken for finding the time. The mean time at the ship 
from the Sun's altitude, February 13, at 19*» 40'° 38«; and the mean time at Green- 
wich is 21^ 37" 27' by applying the original error, and the rate to the time by 
chronometer, or 21*» 37" 16« by using the error as found from the lunar observa- 
tion; hence the longitude is 29** 12' 16" W, by chronometer, and 29"=* 9' 30" W. 
by lunar. 

Note— By the Nautical Almanac, the Sun's declination is 13° 17' ll".8 S., at noon, on February 13, and I20 56' 51".4 S., 
at noon, on February 14; the equation of time is Um 298.86, at noon, on February 13, and Um 27*>63, at noon, on February 
14, additive to apparent time ; the Sun's semidiameter is 16' 13". The Moon's semidiuneter, on Feb. 14, at midnight, is 
14' 47".2, and on Feb. 15, at noon, it is 14' 46".4; and the corresponding parallaxes are 54' J5".8 and 54' 12" .9. The true 
distance between Regulus and the Moon, on February 14, is 89° 36' 40" at XVIII. hours, and 91° 5' 20" at XXI. hoars, 
and the intermediate proportional logarithm is 3075. 
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4. On May 1, 1849, at noon, the error of a chronometer was found to be 20« 13* fast of Green- 
wich mean time, and gaining 4".6 daily. On July 8, (astronomical time), in latitude 40^ 10' S, 
when the same chronometer showed 17** 6" 29», the altitude of the planet Saturn was observed, in 
order to find the time at the ship, and was found to be 28^ 49^^, eastward of the meridian. And, in 
order to ascertain the longitude, the distance between the centre of the planet Mars, and the 
nearest limb of the Moon, was observed to be 69o 27' 82'% when the same chronometer showed, 
July 8, at 18^ 25<° 30"; the altitude of the Moon's lower limb being then 60® 26% and the altitude 
of Mars 12® 37^ Required the true distance between the Moon and Mars, and the error of the 
chronometer as deduced from it; also the longitude of the ship, both by the lunar observation, 
and the chronometer, when Saturn's altitude was taken : the height of the observer's eye being 
18 feet, and the instruments adjusted. 

Answer. The true distance 69® 51' 25", thence the mean time at Greenwich, July 8, at 17*» 
59" 46«, and hence the error of the chronometer 25" 44» fast of Greenwich mean 
time. The mean time at the ship from Saturn's altitude, July 8, at 14>» 4" 36«; and 
the mean time at Greenwich is 16^ 40" 0", by applying the original error and rate 
to the time by chronometer, or 16>» 39™ 45% by using the error as found from the 
lunar observation; hence the longitude is 38® 6V 0'' W. by chronometer, and 38° 
47' 15" W. by lunar. 



Note. By the Nautical Almanac, the right ascension of Saturn is Oh 32"* 41*.78, at noon, on July 8, and Ob 3te 4G«.SS, 
at noon, on July 9, also the hourly variation is -f- Oi.l8 ; the declinations of Saturn for same time are 0° 56' lO'^.O N., and 
0° 56^ 26^''.9 N., and hourly variation -^ (/'A. The right ascension of the Sun is 7^ 9m 57a.56, at noon, on July 8, and 7h 
i4in 3«.I7, at noon, on July 9, and the hourly variation -\- 10*.235 ; the equation of time is 4in 40a.35, at noon, on July 8, 
and 4m 49«.4(^ at noon, on July 9, additive to apparent time. The Moon's semidiameter is 15" 5'''.8, on July 8, at midnight, 
and 15" 9"".9, on July 9, at noon ; and the corresponding parallaxes are 55" 24"".0 and 55" 88"". 9. The true distance between 
Mars and the Moon, on July 8, is 71^ 19" 30"", at XV. hours, and 69® 51" 18"', at XVIII. hours, and the intermediate pro- 
portional logarithm is 3099. The horizontal parallax of Mars is 6"". 



5. In latitude 20° 13^ N., the altitude of the Sun*s lower limb was observed in the morning, 
in order to ascertain the time at the ship, and found to be 32^ lO', when a chronometer, which was 
26" 20« fast of Greenwich mean time, showed, April 17, at 6'* 24" 19«. And, in order to find 
the longitude, the following altitudes, and distances between the nearest limbs of the Sun and 
Moon were taken by one observer; the times being noted from same chronometer. Required the 
true distance, and the error of the chronometer as deduced from it ; also the longitude of the 
ship, both by the lunar observation, and the chronometer, when the Sun's altitude was taken in 
the morning for finding the time ; the height of the observer's eye being 18 feet, and the instru- 
ments adjusted. 



Times by ChroDometer 
on April 17. 
llh 20« 45> 
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Answer. The trae distance 65° 10' 13'% thence the mean time at Greenwich, April 17, at 
10»» 69"» 0", and hence the error of the chronometer 26"* 21« fast of Greenwich 
mean time. The mean time at the ship firom the Sun's altitude, which was 
taken in the morning, April 16, at 20»» 2™ 19« ; and the mean time at Green- 
wich, is April 17, at 5^ 57™ 59*, hy applying the original error to the time by 
chronometer, or 5^ 57" 58% by using the error as found from the lunar observa- 
tion ; hence the longitude is 148° 66' W., by chronometer, and 148° 54' 45" W., 
by lunar. 

Note. By the Naatical Almanac, the Sun's declination is lO® 32' 2"'.7 N., on April 17, at noon, and 10» 53' T'.T N., on 
April 18, at noon ; also the Sun's semidiameter is 15' 56'' ; and the equation of time is Om 29«.52, on April 17, at noon, and 
Om 43a.43, on April 18, at noon, subtractive from apparent time. The Moon's semidiameter is 15' 18"UI» on April 17, at noon, 
and 15' 24".9 at midnight ; also the corresponding parallaxes are 56' 9".8 and 56' 34".2. The true distance between the 
Sun and Moon, on April 17, is 66<^ 9' I" at IX hours, and 64<> 40' 5" at midnight, and the intermediate proportional logarithm 
is 3062. 



6. On August 2, 1849, at noon, the en-or of a chronometer was ascertained to be 14" 42« fast 
of Greenwich mean time, and gaining 4«. 3 daily. On September 10, in latitude SOP 10' N., when 
the same chronometer showed 5*» 17°* 33% (astronomical time), the distance between the nearest 
limbs of the Sun and Moon was observed, in order to ascertain the longitude, and found to 
be 77® 47' 8" ; but the altitudes could not be observed at that time, on account of the horizon 
being obscured. In the afternoon, on the same day, at 12»» 17" 32» by same chronometer, the 
altitude of the Sun's lower limb was observed, in order to ascertain the time at the ship, and found 
to be 27® 15' : the ship having sailed 15 miles due north between the observations. Required the 
true distance, and the error of the chronometer as deduced from it ; also the longitude of the 
ship, both by the lunar observation, and the chronometer, when the Sun's altitude was taken in 
the afternoon for finding the time : the height of the observer's eye being 18 feet, and the instruments 
adjusted. 

Answer. The mean time at ship, from Sun's altitude, is September 10, at 4*^ 0<» 1' ; hence 
the mean time at the ship, when the distance was observed, is September 9, at 
2ih O" 3« ; from which the apparent altitude of the Sun is found to be 41° 19', 
and the apparent altitude of the Moon, 66° 6'. The true distance is 77° 61' 6", 
thence the mean time at Greenwich, September 10, at 4»» 59™ 45»» and hence the 
error of the chronometer, 17™ 48« fast of Greenwich mean time. The mean time 
at Greenwich, when the Sun's altitude was observed, is September 10, at 12^ 0™ 0« by 
applying the original error and rate to the time by chronometer, or 11»» 59™ 43" by 
using the error as found from the lunar observation ; hence the longitude is 
119° 59' 45" W., by chronometer, and 119° 55' 30" W., by lunar. 



Note. By the Nautical Almanac, the Sun's declination is 4** 53' 40".8 N. on September 10, at noon, and 4^ 30' 50".9 N. 
on September 11, at noon ; and the equation of time, for same dates, is Sm 8t.57 and 3^ 29a. 28, subtractive from apparent 
time ; also the Sun's semidiameter is 15' 55". The Moon's semidiameter, on September 10, is 16' 8" .9 at noon, and 16' 9".4 
at midnight; also the corresponding parallaxes are 59' 15".7 and 59' 17".4 ; the Moon's right ascension on September 10^ is 
6h Om 4a.33 at 5h, and 6h 2m 34«.26 at 6h, also the declinations, at same times, are 180 45/ sg^/.g N., and 18^ 47' 3".9 N.; the 
Sun's right ascension is llh I4m 28s.ll, at noon, on September 10, and lib i8m 3a.95, at noon, on September 11. The true 
distance between the Sun and Moon, on September 10, is 78* 57' 7" at III hours, and 77® 17' 53" at VI hours, and the in- 
termediate proportional logarithm is 2586. 
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7. On March 1, 1849, at noon, the error of a chronometer was ascertained to be 15™ 9* slow of 
Greenwich mean time, and losing 3*. 8 daily. On June 26, (astronomical time), when the same 
chronometer showed 17*^ 86°* 40*, the distance between the fixed star Spica (Virginis) and the 
remote limb of the Moon was observed to be 32® 10' 0", the altitude of Spica was SV 36', and the 
altitude of the Moon's upper limb was 30° 26'. On the same day, when the same chronometer 
showed 17^ 46™ 40", the distance between the centre of the planet Jupiter, and the nearest limb of 
the Moon, was observed to be 28° 48' 20", the altitude of Jupiter was 9* 13", and the altitude of 
the Moon's upper limb was 28** 30'. On June 26, (civil time), in order to ascertain the time at the 
ship, the altitude of the Sun's lower limb was observed in the morning, when the same chronometer 
showed 5^ 26™ 53" and was found to be 46° 31', the ship being then in latitude 31'' 5' N. Required 
the true distance between the Moon and Spica, and also between the Moon and Jupiter, and the 
average error of the chronometer as deduced from these distances ; also the longitude of the ship, 
both by the lunar observations and the chronometer, when the Sun's altitude was taken for find- 
ing the time: the height of the observer's eye being 18 feet, and the instruments adjusted. 

Answer. The true distance between the Moon and Spica is 31® 44' 54", hence the mean time 
at Greenwich, June 25, at 18'* 0™ 7% and the error of the chronometer 23™ 27" slow 
of Greenwich mean time ; also the true distance between the Moon and Jupiter 
is 29" 37' 18", hence the mean time at Greenwich, June 25, at 18^ 10™ 11», and the 
error of the chronometer 23™ 31" slow of Greenwich mean time ; hence, when the 
Sun's altitude was taken, these errors are 23™ 29* and 23™ 33*, and their average 
is 23™ 31«. The mean time at the ship from the Sun's altitude, is June 25, at' 
20^ 49™ 18»; and the mean time at Greenwich is June 26, at 5'* 49™ 27' by apply- 
ing the original error and rate to the time by chronometer, or June 26, at 5^ 50™ 24« 
by using the average error, as found from the lunar observations; hence, the 
longitude is 135° 2' 15" W., by chronometer, and 135° 16' 30" W., by the lunars. 

Note. By the Nautical Almanac, the Sun's decimation is 23" 22' 24".2 N., on June 26, at noon, and 23° 20' 10''.4 N., on 
June 27, at noon ; and the equation of time is 2m 268.67 and 2m 39t.20, additive to apparent time, at same dates. The Moon's 
semidiameter is 15' 38'M, on June 26, at midnight, and 16' 30" 8, on June 26, at noon ; and the corresponding horizontal paral- 
laxes are 67' 22".6, and 56' 65".7. On June 26, the true distance between the Moon and Spica is SI® 44' 68" at XVIII 
hours, and 3(fi 8' 22" at XXI hours, and the intermediate proportional logarithm is 2708 ; and, at same hours, the true 
distances between the Moon and Jupiter are 29° 31' 49" and 31<^ 8' 41", and the intermediate proportional logarithm 2691. 
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EXPLANATION AND USE 



THE TABLES. 



Fbw of the Tables require any directions for using them, as the mode of taking out the quantities contained in 
them is evident by inspection; the following, however, may be noticed : — 

TABLE III. 

The Planet's Parallax may be ascertained from this Table, by looking for the degrees nearest to the given 
altitude in the side column, and for the seconds nearest to the horizontal parallax at the top ; if the altitude is 
not found exactly in the side column, a proportional part for what it differs from the given altitude may be 
easily found by inspection ; and the same regarding the horijEontal parallax, or the horizontal parallax may be 
taken out in two parts, making up the given parallax, and the corresponding quantities in the table added. 

Thus, to find the parallel in altitude for a Planet whose horizontal parallax is 24", and altitude 25®; the 
Table gives, 9" for altitude 20** and parallax 20", and 11" for altitude 30® and parallax 20"; hence it is 18" 
for altitude 25® and parallax 20" ; and it is 4" for altitudes 24® and parallax ^' ; therefore, by adding these, 
we obtain 22", for altitude 24® and parallax 24". 

The parallax in altitude may also be found by taking it from the Tables corresponding to the given alti- 
tude, and horizontal parallax 10"; multiplying this by the given horizontal parallax, and cutting off the last 
figure. Thus, the Table gives 9" for altitude 24® and horizontal parallax 10"; hence, for horizontal parallax 
24" we multiply 9" by 24, which gives 216", and cutting off the hut figure, we obtain 21" .6, or 22'/ . 

By means of a Table of Diffi3rence of Latitude and Departure, we may find it as a Difference of Latitude 
corresponding to the horizontal parallax taken as a Distance, and the altitude as a Course. Thus, under Course 
24®, and opposite Distance 24", we find in the Difference of Latitude column 21" .8, or 22". 



TABLES IV. AND IV.* 



Table IV. contains the Refraction, corresponding to the mean temperature and density of the atmosphere, 
or for the temperature 50®, and height of the barometer 29.6 inches, and may be easily found for any altitude 
by inspection of the Table: the Refraction is always subtraotive from the apparent altitude to obtain the true 
altitude. 

The corrections of the Mean Refraction, for any given heights of the Barometer and Thermometer, are easily 
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found from Table IV.* Thus, let the apparent altitude be l^, the height of the thermometer 95^, and that of 
the barometer 80.0 inehes: required the Refraction. 

Mean Refraction, by Table IV., to altitude P, . . . 24^' 29* 

Correction, by Table IV*„ for Therm. 96^ and Ref. 20^ — 122" 

" " , " 96®, and Ref. 4' 24 

•• " ** , " 96*, and Ref. 30" ... 2 

148" 

". " , for Barom. 30.0, and Ref. 20^ + 14" 

" " " , " 30.0,andRef. 4' 3 

•• •* " , ** 30.0, and Ref. 30" 

+ 11 

— 131 = — 2 11 

Refraction required, . . . 22 17 

In the above, the oorreotion for Thermometer 96* and Refraction 20^ is stated at — 122", and is thus 
found: the correction opposite 92* is 114" 

96* is 124 

4 0^ 

nenoe, if 4* gives 10", 8* gives 8", (by proportion,) 
and oorreotion for 92* is 114 

therefore correction for 96* is 122 
To find the correction for height of Barometer 30.0 inches, and Refraction 20^, we find the correction 
opposite to ....•• 29.8 is 6" 

80.1 is 18 

.3 IS 12 

Hence, if ,8 gives 12", .2 gives 8" 
and correction for 29.8 is 6 

therefore, correction for 30.0 is 14 



TABLE V. 

This Table contains an Auxiliary Arc used as an Argument for Table YI.; it may always be taken out 
sufficiently correct by looking for the nearest degrees and minutes to the less altitude at the top of the Table, 
and the nearest to the greater apparent altitude in the side column: below the former, and opposite to the latter, 
will be found the correction required. If greater accuracy be required, the exact correction may be easUy pro- 
jwrtioned for. 

Thus, if the altitudes are 42*- 42'. and 7* 4- : required the auxiliary arc. The nearest altitudes, in the 
Table, to those given are 42* 30' and 7* 6', which gives the correction = 196" ; or we may proportion thus: — 
Correction for greater altitude 42* 30^ and less altitude 7^ O' is 199" 
Proportional part for 12' of greater altitude . . is +1 

" " 4' of less altitude • . is —2 

198 
The proportional parts in the above are found thus : — 

Correction for greater altitude 42* 30' and less altitude 7* 0' is 199" 
43* 0' " 7** 0' is 202 



IfSO' gives + 3", 12' gives + 1". 



Difference for 30' altitude is -i-^ 
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Again, the correction for greater altitude 42° 30' and less altitude 1° (X is 199'' 

and " T® 5' is 196 

Difference for 5' altitude is — 3" 
If 6' gives — 3", 4' gives — 2". 
The proportional parts for minutes of altitude may be found by means of the following Tables : where the 
difference between the corrections for two altitudes which follow each other in the Table are given at the top ; 
and opposite to the minutes of altitude in the side column will be found the proportional parts for them, to be 
applied to the correction taken out of the Table for the altitude found in it next less than the given one, by 
addition or subtraction, according as the correction is increasing or diminishing. 
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for 
Alt. 


Diff. forS'of Alt. 


P.P 


Bi&fcrlOi 
of Alt. 1 


V 


V 


3'' 


4'' 


b" 


y 


r' 


3'' 


f 


ff 


// 


// 


// 


// 


f 


// 


// 


// 


1 


0.2 


0.4 


0.6 


0.8 


1.0 


1 


0.1 


0.2 


0.3 


2 


0.4 


0.8 


1.2 


1.6 


2.0 


2 


0.2 


0.4 


0.6 


3 


0.6 


1.2 


1.8 


2.4 


3.0 


4 


0.4 


0.8 


1.2 


4 


0.8 


1.6 


2.4 


3.2 


4.0 


6 

8 


0.6 
0.8 


1.2 
1.6 


1.8 
2.4 



P.P. 

for 

Alt. 


Diff. for 30^ 
of Alt. 


P.P. 
for 
Alt. 


Diff. for 10 of Alt. 


V 


2'- 


2/' 


4// 


V 


2'' 


3'' 


4// 


6'' 


6'' 


1 
6 
10 
16 
20 
26 


// 

0.0 
0.2 
0.3 
0.6 

0.7 
0.8 


0.0 
0.3 
0.7 
1.0 
1.3 
1.7 


0.1 
0.6 
1.0 
1.6 
2.0 
2.6 


// 

0.1 
0.7 
1.3 
2.0 
2.7 
3.3 


/ 

1 
10 
20 
30 
40 
60 


0.0 
0.1 
0.3 
0.6 
0.6 
0.8 


0.0 
0.3 
0.7 
1.0 
1.4 
1.7 


// 
0.0 
0.6 
1.0 
1.6 
2.0 
2.6 


0.1 
0.7 
1.3 
2.0 
2.7 
3.3 


// 

0.1 
0.8 
1.7 
2.6 
3.3 
4.2 


0.1 
1.0 
2.0 
3.0 
4.0 
6.0 



TABLE VI. 

This Table contains the correction of the distance for refraction 4-20", and is always additive to the 
apparent distance. The upper part of the Table contains the correction for 0" to 60" of the Auxiliary Arc 
from Table V.; and from the lower part, which is separated from the upper by a double line, the correetion may 
be found from 60" to 300", thus:— If the Arc, Table V., id exactly found in the lower part of the Table, take 
the corresponding correction, and add to it the correction opposite 0" in the upper part; if the Arc, Table V,, 
is not found exactly in the lower part of the Table, take the correction for the next less arc, and add to it the 
. ooirection for the remaining seconds of the auxiliary arc taken from the upper part of the Table. 

Thus, if the apparent distance is 119°, required the corrections corresponding respectively to the auxiliary 
arcs 26", 60", and 237", from Table V. Under 119°, and opposite to 26", in the upper part of the Table, 
the correction is at once found to be 4' 2" ; under 119°, and opposite to 60", the correction, in the lower part 
of the Table, is found to be . . . . . . . . . 1' 9" 

to which add the correction, from the upper part, opposite to 0", . . , . . 3 34 



Correction for 60", 
Again the correction, in the lower part, opposite to 200" is 
And the correction, in the upper part, opposite to 37 is 



4 43 



49" 
16 



Correction for 237 is 8 6 
If the apparent distance is not found exactly at the top, it will be sufficiently exact to take the correction 
for the distance in the Table, which is nearest to the given distance: if greater accuracy is required, the neces- 
sary proportions are easily made. 

Thus, if the apparent distance is 119° 26^, and the auxiliary arc, from Table V., = 270": required the 
oorrection. 

Correction for distance 119°, and auxiliary arc 260", from lower part ef Table, . . 4' 46" 

Distance 120°, and arc 260" , give 4' 49" ; hence if 1° or 60' in distance gives 3", then 26' gives 1 
Correction for distance 119°, and auxiliary arc 20", from upper part, . • . . 3 66 

Distance 120°, and arc 20", give 4' 1" ; hence if 1° or 60' in distance gives 6", then 26' gives 2 



Correction for distance 119° 26' and auxiliary arc 270", = 8' 46" 
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The proportional part 


for minutes of distanee may be found from the following 


TaWej- 
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Diat. 


Difference for V* of Distance. 
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// 
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1 
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0.0 
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0.1 
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0.2 
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TABLE VII. 

The correction from this Table is always additiye to the apparent distance, being the correction of the 
distance for horizontal parallax lO'S increased by lO''; and may therefore be assumed as sufficiently correct 
for the Sun, as the Sun's horizontal parallax is 9" ; the correction for the Sun may, howeyer, be found correctly 
by taking the correction from the Table, and diminishing it by one-tenth of itself. 

Thus, if the apparent distance is 42^ 16', the Sun's altitude 37^, and the Moon's altitude 18°: required 
the Sun's correction. 

The nearest quantities in the Table to those giyen are, distance 40®, Sun's altitude 40®, and Moon's alti- 
tude 20°, which giyes the correction 12" : or, deducting from 12" one-tenth of 12" or 1", we have the correc- 
tion more accurately = 11". 

As the corrections in this Table vary but inconsiderably, it is needless to proportionate in order to find the 
correction precisely; if such proportioning was made, it would require to be performed for the differences betwixt 
the altitude of the Sun, the altitude of the Moon, and the apparent distance, as found in the Table, and those 
given. 

To find the correction for a Planet : take the correction from the Table, multiply it by the horizontal 
parallax of the Planet, and cut off the hist figure. 



TABLE X. 

This Table contains the Proportional Logarithms for 8 hours or degrees, and is useful in solving proportions 
having one of the terms 3 hours or degrees. 

The general rule for solving a proportion by logarithms is to add the logarithms of the second and third 
terms, and from their sum subtract the logarithm of the first term, the remainder is the logarithm of the fourth 
term. Hence, as the proportional logarithm of 8 hours is 0, if the first term of a proportion is 8 hours, add the 
proportional logarithms of the second and third terms, the sum is the proportional logarithm of the fourth term. 

If either of the middle terms (second or third) is 3 hours, from the proportional logarithms of the other 
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middle term snbtract the proportional logarithm of the first term, the remainder id the proportional logarithm 
of the fourth term. If none of the terms of a proportion is 3 hours, proceed as ^th common logarithms ; bat it 
most be obserred that this Table is only applicable when all the terms of a proportion are less than 3 hours. 

XXAMPLB I. 

To find the fourth term of the following proportion; 3»» : 2^ 14' 20" :: 12^ 14": 
2h 14/ 20" P. Log. 1271 
12' 14" P. Log. 1.1677 



4th term »' 8" P. Log. 1.2948 



EXAMPLE n. 

To find the fourth term of the proportion : 2»» 14' 20" : 3»» :: ^ 8" 
9' 8" P. Log. 1.2946 
2b 14' 20" P. Log. 1271 



4th term 12' 14" P. Log. 1.1675 



TABLE XL 

This Table may be used for converting space into time, and the contrary: 15® being equi?aJcnt to 1 h^ur. 

The numbers in the first column of the several parts of the Table may be taken as degrees, minutes, or 
seconds, and respectively corresponding to these in the second column will be found hours and minute8» -minutes 
and seconds, or seconds and thirds, agreeably to the titles in the Table. 

Thus, to convert 140® 20' 16" into time : 

140® gives 9h 20' 0" ^ 

20' " 1 20 

15" " 1 



9 21 21 



Or, space may be converted into time by i«ckoning degrees, minutes, and seconds respectively as minutes, 
seconds, and thirds, and multiplying the results by 4 : 

Thus, for 140® 20' 16" write 140' 20" 16"', or 2'» 20^ 20" 15'" 

4 



9 21 21 

Again, let it be required to convert 9*» 21' 21" into space : 
Given, . . 9»» 21' 21" 

Nearest in the Table, 9 20 

> s= 140® 





Nearest in the Table, 


1 21 
1 20 


-= 20' 
r= 15" 




By the Table, 


1 
1 








140<> 20' 15" 
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Or, time may be oonyerted into space, by reckoning minutes and seconds respectively as boors and minutes, 
and dividing the result by 4 : Thus, for 9»» 21' 21" 

60 

or 561' 21", write 561® 21' 

divided by 4 gives 140° 20^ 15" 



TABLE XITI. 

This Table contains the correction of the Sun's declination for any given Greenwich time. And to find 
the declination, take out the declination from the Nautical Almanac for the nearest noon to the given time, and 
find the correction for the number of hours betwixt this noon and the given time ; which, when the given time 
is after noon, is additive or subtractive from the declination at noon, according as the declination is increasing 
or diminishing ; but, when the given time is before noon, the correction is subtractive or additive according as 
the declination is increasing or decreasing. 



TABLE XIV. 

This Table contains the correction of the equation of time, and is applied similarly to the correction in 
Table XIII. 



TABLE XV, 

This Table contains the sum of the dip and refraction, and is therefore alvrays subtraotive from the 
apparent altitude. 



TABLE XVI. 

This Table contains 16' as the semi-diameter of the Sun, diminished by the sum of the refiractioa and dip, 
and increased by the paraUax in altitude. 



TABLE XVIIT. 

This Table, containing the logarithms of the meridian distance, being the time from noon, is easily used. 
Near the beginning of the Table the logarithms vary considerably, and we must therefore proportion to obtain 
the correct logarithm for any time which is not found exactly in the Table. 

Thus, to find the logarithm for 0^ 19' 8" : the logarithm for 0»» 19' 0" is 7.2348, and the tabular difier- 
cnce is 38 (=2386 — 2348), hence 5" : 3" :: 88 : . . * . 23 



0^ W 3" logarithm 7.2371 

Or, if we take the tabular difference for 10", we may easily find the difierence for the given seconds, by 
multiplying this tabukr difference by the number of seconds, and cutting off the last figure, thus : — 

0»» 19' 0" logarithm 7.2348 
Tabular difference for 10"= (2424 — 2348 =) 76 
Number of seconds, ... 3 

22.8 ... 23 



0^ W Sf' logarithm 7.2371 
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Again, when a logarithm is given, to find the exact time: take out the next less logarithm, and the cor- 
responding time ; from the given logarithm subtract this logarithm, annex a cypher to the remainder, and divide 
by the tabular difference for 10", which wUl give the seconds to be added to the time ahready taken from the 
Table. Thus, if the given logarithm is .... . T.23'71 

then the next less in the Table is O^" 19' 0", Logarithm .... 48 



Tabular difference for 10" = 76\230/^3" 
^228V 
Hence the required time is 0^ 19' 3". 

In the greater part of the Table, however, it is sufficiently accurate to take the nearest logarithms in the 
Table, or the proportioning may be performed mentally. 



TABLE XIX. 

This Table contains proportional logarithms for 24 degrees or hours, and is useful for solving a proportior. 
having one of its terms 24 hours : it is used similarly to proportional logarithms for 3 hours, Table X. By this 
Table, the proportional part, for any given time after noon, of the daily change of the Sun's declination, may be 
found ; and the same of any element which is given in the Nautical Almanac for every day at noon. The 
numbers at the head of the colunms may be considered either as degrees, or hours, or minutes, and those in the 
side columns must then be taken respectively as minutes, or seconds. 

To find the proportional part of the daUy variations of the Sun's declination for any given Greenwich time 
after noon : Add together the proportional logarithms of the given time and of the daily variation (taking the 
minutes at the top, and the seconds in the left hand column), the sum is the proportional logarithm of the pro- 
portional part required, the minutes and seconds being taken out of the Table in the same way as the daily 
variation ; this proportional part added to, or subtracted from, the declination at noon, according as the declina- 
tion is increasing or decreasing, will give the declination for the given time. Proceed similarly for the Sun's 
right ascension, or any other element which is given for noon in the Almanac. 



Required the Sun*s declination and right ascension on September 10th, 1849, at 14^ 34' mean time at 
Greenwich. 

Sun's declination, Sept. 10, by page II. of Nautical Ahnanao, 4° 53' 41" N. 

Ditto, Sept. 11, by ditto, 4 30 51 N. 

Daily variation, (decreaung) • • • . 

Greenwich mean time, .... • 

Variation in 14»» 84' 

Sun's declination, Sept. 10, by page II. of Nautical Almanac, 

Ditto, at given time, ..... 

Sun's right ascension, Sept. 10, by page II. of Nautical Aim. 
Ditto, Sept. 11, by ditto, 

Daily variation, (increasing) . . 

Greenwich mean time, ..... 

Variation in 14*» 34' , 

Sun's right ascension, Sept. 10, by page IT. of Nautical Aim. 

Ditto, at given time, . . . . . 11 16 39 



22 
14»» 34' 


50 
0" 

52" 
41 


P. L. 
P. L. 


0216 
2168 


- 0«» 13' 
4 53 


P. L. 

N ■■ 


2384 




N. 

P. L. 
P. L. 




4 39 


49 




llh 14' 
11 18 


28" 
4 




8 
14»» 34' 


36 
0" 

11" 
28" 


8239 
2168 


f 0»» 2' 
11 14' 


P. L. 


1.0407 
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BXAMPLX II. 



Required the right ftsoenaion Mid declination of the planet Japiter, on April 20th, 1849, at 10^ Sd' mean 
time at Greenwich. 

Jupiter's right asoension, April 20, by page 391, Nautical Aim., 9^ 1' 59" 

Ditto, April 21, by ditto, 9 2 8 



Daily yariation, (increasing) • . . P. L. 2.2041 

Greenwich mean time, . • • . . 10 39 P. L. 3629 



Variation in 10»» 39^ + 0® 0' i" P. L. 2.5670 

Jupiter's right ascension, April 20, by page 391, Nautical Aim., 9 1 69 



Ditto, at given time, .... 923 



Jupiter's declination, April 20, by page 391, Nautical Almanac, 17^ 66^ 69" N. 
Ditto, April 21, by ditto, 17 66 13 



Daily yariation, (decreasing) . • • . 46 P. L. 1.4966 

Greenwich mean time, . . . . . lO** 89' 0" P. L. 8629 



Variation in 10»» 39' . . . . — 0® C 20" P. L. 1.8486 

Jupiter's declination, April 20, by page 391, Nautical Almanao, 17 66 69 N. 



Ditto, at giren time, . . . • . 17 66 39 N. 

If the declination at the noon from which the given time is reckoned is of a different name from that at 
the following noon, we must take the sum of these declinations for the daily variation. And take the difference 
between the first declination and the proportional part of the daily variation, found as formerly, the result is 
the required declination ; it is of the same name as the first declination, or of a contrary name, according as the 
proportional part of the daily variation is less or greater than the first declination. 



TABLE XXI. 

This Table contains proportional logarithms for 1 degree or hour, and is useful for solving a proportion 
having one of its terms 1 degree or hour. It is used similarly to proportional logarithms for 3 hours. Table X., 
and those for 1 hour. Table XIX. 

By this Table, the declination and right ascension of the Moon may be found for any given time at Greenwich. 

To find the Moon's declination or right ascension for any given time at Greenwich : take them from the 
Nautical Almanac for the hours of the given time, and for the next following hour, the difference between which 
is the hourly variation ; then add together its proportional logarithm, and the proportional logarithm of the 
minutes and seconds of the given time, the sum is the proportional logarithm of the variation for these ; which 
being added to or subtracted frt)m the declination or ascension first taken frxmi the Almanac, according as the 
daily variation is increasing or decreasing, will give that required corresponding to the given time. 
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EXPLANATION AND USE OP THE TABLES. 66 



Required the Moon's deoUnation, and right ascension, for April 10, 1849, at 16^ 20' 14" mean time at 
Greenwich. 

Moon's declination, April 10, at 16»» by page VI. Nautical Ahn., 16® 17' 49" S. 
Ditto ,atl7»»by ditto, 15 23 20 



Variation in 1 hoar, • . + 5 31 P. L. 1.0365 

Greenwich mean time after 16^ . . « . 20 14 P. L. 4721 



Variation in 20' 14", + 0« 1' 52" P. L. 1.5086 

Moon's declination, April 10, at 16»» . . 15 17 49 S. 



Ditto, at giyen time, . . . 15 19 41 S. 



Moon's right ascension, April 10, at 16^ by page VI. Naut. Aim. 151" 57^ 18" 
Ditto ,atl7*»by ditto, 15 69 19 



Variation in 1 hour, . . . . . + 2 1 P. L. 1.4735 

Greenwich mean time after 16^ ... 20 14 P. L. 4721 



Variation in 20' 14", + 0^ 0' 41" P. L. 1.9456 

Moon's right ascension, April 10, at 16^ , . 15 57 18 ' 



Ditto at given time, . . . , . 15 67 59 



Required the Moon's declination, and right ascension. May 18, 1849, at 0^ 30' 14" at Greenwich 
mean time. 

Moon's declination, May 18, at 0»» , by page IX. Nautical Ahn. 0» 6' 31" S. 

Ditto, atl'»,by ditto, 4 45 N. 



Variation in 1 hour, . • . . — 11 16 P. L. 7264 

Greenwich mean time after 0"* . • . . 30 14 P. L. 2977 



Variation in 30^ 14" — 0® 6' 41" P. L. 1.0241 

Moon's declination. May 18, at O** , . . . 6 31 S. 



Ditto, at giyen time, , • 50 S. 



Moon's right ascension. May 18, at 0>»,bypage IX. Naut. Aim. O^" 21' 18" 

Ditto, May 18; at li", by ditto, 23 30 



Variation in 1 hour, . , . + 2 12 P. L. 1.4357 

Greenwich mean tune after 0*^ . . . 30 14 P. L. 2977 



Variation in 30^ 14" + 0>» 1' 7" P. L. 1.7334 

Moon's right ascension. May 18, at 0*» . ,. 21 18 



Ditto, at given time, • . 22 25 
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66 EXPLANATION AND USE OF THE TABLES. 

TABLE XXVII. 

Thia Table contains what is called the Luni-Solar Equation, which is used in Methods IV. and V.: a 
specimen only of the Table is given, extending from 20^ to 30^ of Moon's altitude. 

The equation is found in the Table for the minutes of the Moon's horizontal paraUax at the top, and every 
W of altitude in the side column : for seconds of parallax add a proportional part taken from the Table at the 
right hand side of the page ; and add, for the minutes of Moon's altitude not found in the Table, a number of 
seeonds taken from one of the small Tables at the left hand side of the page ; lastly, for the Sun or Star, add 
a number of seconds taken from the bottom of the page. 

Thus, to find the Luni-Solar Equation for Moon's altitude 23^ 47' , horizontal parallax 54' 28", and Sun's 
altitude 27®. 

Luni-SoLir Equation for d's altitude 23® iCV, parallax 54' . . 20' 6" 

Correction for parallax 23" . . +10 

for (['s alt. 7' . . 6 

for 0's alt. 27® . . 6 

Equation required, . . . .20' 27" 



TABLE XXVin. 

This Table contains the Natural Numbers, being the lengths of Arcs to the radius 1,000,000: the last iive 
figures only being retained. 

The natural number is taken from the left hand or right hand part of the Table, according as the Arc is 
E. or W., that is, positiye or negatiye : the proportional parts for seconds are given at the right hand side of 
each part of the Table. 

Example I. : — Required the Natural Number for the Arc 1° 5& 12" E. 

1® sy Nat. No. 34616 

12" P. P. 58 



1® 59^ 12" Nat. No. 84674 

Example XL .—Required the Natural Number for the Arc 1® 24' 50" W. 

1® 24' Nat. No, 74566 

60" P. P. 758 



1® 24' 50" Nat. No. 76328 
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Departure of tiie Moon in Altitude -.—Add to AltUudt. 
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Corrections for the Spheroidal Figure of the Earth 






Correction of Altitude. 
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TABLE III. 
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TABLE IV. 




Mban R~bfbaotion. 




For Height of Barometer 29.6 inches, and Thermometer 60*». 
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11 66 


6 68 


8 31 


7 68 


6 31 


9 68 


6 16 


11 68 


4 24 


16 56 


3 6 


60 


26 41 


2 





18 36 


4 


11 61 


6 


8 28 


8 


6 29 


10 


6 15 


12 


4 23 


17 


3 6 


61 


26 34 


2 


2 


18 26 


4 2 


11 47 


6 2 


8 26 


8 2 


6 28 


10 2 


6 14 


12 5 


4 22 


17 6 


3 4 


62 


26 26 


2 


4 


18 16 


4 4 


11 42 


6 4 


8 23 


8 4 


6 26 


10 4 


6 13 


12 10 


4 20 


17 10 


3 3 


63 


26 19 


2 


6 


18 7 


4 6 


11 38 


6 6 


8 20 


8 6 


6 26 


10 6 


6 12 


12 16 


4 18 


17 15 


3 2 


64 


25 11 


2 


8 


17 67 


4 8 


11 33 


6 8 


8 18 


8 8 


6 23 


10 8 


6 11 


12 20 


4 16 


17 20 


3 1 


65 


26 4 


2 


10 


17 48 


4 10 


11 29 


6 10 


8 16 


8 10 


6 22 


10 10 


6 10 


12 26 


4 16 


17 25 


3 


66 


24 67 


2 


12 


17 39 


4 12 


11 26 


6 12 


8 13 


8 12 


6 21 


10 12 


6 9 


12 30 


4 13 


17 30 


2 69 


67 


24 60 


2 


14 


17 30 


4 14 


11 21 


6 14 


8 10 


8 14 


6 19 


10 14 


6 8 


12 35 


4 11 


17 36 


2 68 


68 


24 42 


2 


16 


17 22 


4 16 


11 16 


6 16 


8 8 


8 16 


6 18 


10 16 


6 7 


12 40 


4 9 


17 40 


2 67 


69 


24 36 


2 


18 


17 13 


4 18 


11 12 


6 18 


8 6 


8 18 


6 16 


10 18 


6 6 


12 46 


4 8 


17 46 


2 66 
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Mban Rbpeaction. 




For Height of the Barometer 29.6 Inches, and Thermometer 60°. 




Alt. 


Ref. 


Alt. 


Ref. 


Alt. 


Ref. 


Alt. 1 Ref. 


1 Alt. 


Ref 


Alt. 1 


Ref. 1 


Alt. 


Ref. 


Alt. 


Ref. 


o / 


' // 


/ 


/ // 


o / 


/ // 


o / 


/ // 


o ^ 


/ 


ff 


o / 


/ // 


O f 


/ //• 


b 


/ // 


17 60 


2 55 


19 55 


2 37 


23 


2 14 


27 10 


1 61 


31 20 




34 


38 


1 13 


48 


51 


66 


26 


17 65 


2 55 


20 


2 36 


23 10 


2 13 


27 20 


1 60 


31 30 




33 


38 20 


1 12 


48 80 


50 


67 


24 


18 


2 64 


20 6 


2 36 


23 20 


2 12 


27 30 


1 49 


31 40 




32 


38 40 


1 11 


49 


49 


68 


23 


18 5 


2 63 


20 10 


2 34 


23 30 


2 11 


27 40 


1 49 


31 50 




32 


39 


1 10 ; 


49 30 


49 


69 


22 


18 10 


2 62 


20 16 


2 33 


23 40 


2 10 


27 60 


1 48 


32 




31 


39 20 


1 9! 


60 


48 


70 


21 


18 15 


2 62 


20 20 


2 32 


23 60 


2 9 


28 


1 47 


32 10 




31 


39 40 


1 », 


60 30 


47 


71 


19 


18 20 


2 61 


20 25 


2 32 


24 


2 8 


28 10 


1 46 


32 20 




30 


40 


1 8 


51 


46 


72 


18 


18 26 


2 50 


20 30 


2 31 


24 10 


2 7 


28 20 


1 45 


32 30 




30 


40 20 


1 7 


51 30 


45 


73 


17 


18 30 


2 49 


20 36 


2 30 


24 20 


2 6 


28 30 


1 45 


32 40 




29 


40 40 


1 6 


62 


44 


74 


16 


18 36 


2 48 


20 40 


2 29 


24 30 


2 6 


28 40 


1 44 


32 60 




29 


41 


1 6 


52 30 


44 


76 


16 


18 40 


2 47 


20 46 


2 29 


24 40 


2 4 


28 60 


1 43 


33 




28 


41 20 


1 4 


53 


43 


76 


14 


18 45 


2 47 


20 60 


2 28 


24 60 


2 3 


29 


1 42 


33 20 




27 


41 40 


1 4 


53 30 


42 


77 


13 


18 60 


2 46 


20 55 


2 28 


26 


2 2 


29 10 


1 42 


33 40 




26 


42 


1 3 


64 


41 


78 


12 


18 55 


2 45 


21 


2 27 


26 10 


2 1 


29 20 


1 41 


34 




24 


42 20 


1 2 


64 30 


41 


79 


11 


19 


2 44 


21 10 


2 26 


26 20 


2 


29 30 


1 40 


34 20 




23 


42 40 


1 2 


55 


40 


80 


10 


19 6 


2 44 


21 20 


2 26 


26 30 


1 69 


29 40 


1 39 


34 40 




22 


43 


1 1 


56 


38 


81 


9 


19 10 


2 43 


21 30 


2 24 


25 40 


1 68 


29 60 


1 38 


35 




21 


43 30 


1 


67 


37 


82 


0' 8 


19 16 


2 42 


21 40 


2 23 


26 60 


1 67 


30 


1 38 


35 20 




20 


44 


69 


68 


35 


83 


7 


19 20 


2 41 


21 60 


2 21 


26 


1 56 


30 10 


1 38 


35 40 




19 


44 30 


68 


69 


34 


84 


6 


19 26 


2 41 


22 


2 20 


26 10 


1 55 


30 20 


1 37 


36 




18 


45 


57 


60 


33 


85 


5 


19 30 


2 40 


22 10 


2 19 


26 20 


1 55 


30 30 


1 37 


36 20 




17 


46 30 


66 


61 


32 


86 


4 


19 36 


2 39 


22 20 


2 18 


26 30 


1 64 


30 40 


1 36 


36 40 




17 


46 


55 


62 


30 


87 


3 


19 40 


2 38 


22 30 


2 17 


26 40 


1 63 


30 60 


1 36 


37 




16 


46 30 


64 


63 


29 


88 


2 


19 46 


2 38 


22 40 


2 16 


26 60 


1 62 


31 


1 36 


37 20 




16 


47 


63 


64 


28 


89 


1 


19 60 


2 37 


22 60 


2 16 


27 


1 61 


31 10 


1 34 


37 40 




14 


47 80 


62 


66 


26 


90 









TABLE IV.* 








CORBI 


tCTioN OP THB Mean Rkpraction. 




For 


Heighl 


ks of the Barometer and Thermometer. 




1 


Mean Re&action. 


1 


10" 


20^' 


80'' 


40^' 


60- 


V 


2' 


3' 


4' 


6' 


6' 


r 


8' 


9' [ lO' 


2«/ 


30^ 


o 


4- 


t 


t 


t 


t 


t 


t 


i; 


f 


t 


t 


t 


t 


■ t 


t 


* 


t 











3 


4 


6 


7 


9 


17 


26 


34 


43 


61 


60 


69 


77 


86 


171. 


267 




4 






3 


4 


6 


7 


8 


16 


23 


31 


39 


47 


55 


62 


70 


78 


156 


234 




8 






2 


4 


6 


6 


7 


14 


21 


28 


36 


42 


49 


56 


63 


70 


141 


211 




12 






2 


3 


4 


6 


6 


13 


19 


26 


32 


38 


44 


60 


67 


63 


126 


189 




16 






2 


3 


4 


6 


6 


11 


17 


22 


28 


33 


39 


46 


60 


66 


111 


167 




20 






2 


2 


3 


4 


6 


10 


16 


19 


24 


29 


34 


39 


44 


49 


97 


146 




24 








2 


3 


4 


4 


8 


13 


17 


21 


26 


29 


33 


38 


42 


83 


126 




28 








2 


2 


3 


3 


7 


10 


14 


17 


21 


24 


28 


31 


35 


70 


105 


31.3 


32 







1 


2 


2 


3 


6 


8 


11 


14 


17 


20 


23 


25 


28 


57 


86 


31.0 


36 







1 


1 


2 


2 


4 


7 


9 


11 


13 


16 


17 


20 


21 


44 


66 


30.7 


40 







1 


1 


1 


2 


3 


6 


6 


8 


9 


11 


12 


14 


15 


31 


46 


30.4 


44 











1 


1 


1 


2 


3 


4 


6 


6 


6 


7 


8 


9 


18 


27 


30.1 


48 























1 


1 


2 


2 


2 


2 


3 


3 


6 


9 


29.8 


62 























1 


1 


2 


2 


2 


2 


3 


3 


6 


9 


29.5 


66 











1 


1 


1 


2 


3 


4 


4 


5 


6 


7 


8 


9 


18 


27 


29.2 


60 








1 


1 


1 


1 


3 


6 


6 


7 


9 


10 


12 


13 


16 


29 


44 


28.9 


64 







1 


1 


2 


2 


4 


6 


8 


10 


12 


14 


16 


18 


20 


41 


60 


28.6 


68 







1 


2 


2 


3 


5 


8 


10 


13 


15 


18 


21 


23 


26 


62 


77 


28.3 


72 








2 


2 


3 


3 


6 


9 


13 


16 


19 


22 


25 


28 


31 


63 


94 


28.1 


76 








2 


2 


3 


4 


7 


11 


16 


18 


22 


26 


29 


33 


37 


73 


110 




80 








2 


3 


3 


4 


8 


13 


17 


21 


26 


29 


34 


88 


42 


84 


126 




84 






2 


2 


3 


4 


6 


9 


14 


19 


24 


28 


33 


38 


42 


47 


94 


141 




88 






2 


3 


3 


4 


6 


10 


16 


21 


26 


31 


36 


42 


47 


62 


104 


156 




92 






2 


3 


4 


6 


6 


11 


17 


23 


29 


34 


40 


46 


51 


57 


114 


171 




96 






2 


3 


4 


6 


6 


12 


19 


26 


31 


37 


43 


60 


66 


62 


124 


186 




100 






2 


3 


4 


6 


7 


13 


20 


27 


33 


4a 


47 


63 


60 


67 133 1 


200 





Digitized by 



Google 



72 


TABLE V. 




The AuxilUry Aro for Table VI. 


Tue Luas Appart;nt Altitude. | 


App.Alt 


7» 


1 


0' 


5' lO' i.V 2'/ ,25' 


30^^ 


2*1 


41/ 


45' 


60' 


5r/ 


u' 


6' 


10' 15' 20' 


25' 


80' 


35' 


41/ 


45' 


6(/ 


66r 


a / 

7 

8 


// 


// 


'' 


// 


'' 


// 


// 


// 


// 


// 


// 


// 


'' 


'' 


// 


'' 


// 


// 


// 



2 


"l 


1 


1 


1 


1 


1 





"o 


"o 


"o 


"o 


"o 


... 


... 


... 


... 


... 


... 


... 


;;; 


... 


... 


... 


9 Q 


4 


3 


3 


3 


3 


3 


2 


2 


2 


2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


b 


( 











10 


7 


6 


6 


6 


5 


6 


6 


4 


4 


4 


3 


8 


3 


2 


2 


2 


2 


2 


1 


1 


1 


1 


1 





11 


10 


10 


10 


9 


9 


8 


8 


7 


7 


7 


6 


6 


6 


6 


6 


4 


4 


4 


4 


4 


3 


3 


3 


2 


12 


16 


14 


14 


13 la 


12 


12 


11 


11 


10 


10 


9 


\> 


8 


8 


7 


7 


h 
1 





6 


b 


6 


6 


4 


13 


20 


19 


19 


18 


18 


17 


16 


16 


16 


14 


14 


13 


13 


U 


12 


11 


11 


10 


10 


9 





8 


8 


8 


14 


25 


24 


24 


23 


23 


22 


21 


21 


20 


19 


18 


17 


17 


16 


16 


16 


15 


14 


14 


13 


12 


12 


11 


11 


16 


31 


30 


29 


28 


28 


27 


26 


26 


25 


24 


23 


22 


21 


21 


20 


19 


19 


18 


18 


17 


16 


16 


16 


14 


16 


37 


36 


34 


34 


33 


32 


31 


30 


30 


29 


28 


27 


26 


25 


26 


24 


23 


22 


22 


21 


20 


20 


19 


18 


17 


43 


4;i 


40 


39 


38 


37 


36 


•6b 


36 


34 


32 


31 


3(' 


30 


28 


28 


27 


26 


25 


26 


24 


23 


22 


18 


40 


48 


47 


46 


44 


43 


42 


41 


40 


39 


38 


37 


36 


B5 


34 


33 


32 


32 


31 


30 


29 


28 


27 


26 


19 


55 


64 


63 


61 


60 


49 


48 


46 


45 


44 


43 


42 


41 


40 


39 


38 


37 


36 


35 


36 


34 


33 


32 


31 


20 


61 


60 


69 


67 


66 


55 


64 


62 


61 


60 


49 


48 


46 


46 


44 


43 


42 


41 


40 


39 


38 


37 


30 


36 


20 30 


64 


63 


62 


60 


69 


58 


67 


55 


64 


63 


62 


51 


49 


48 


47 


46 


46 


44 


43 


45: 


41 


40 


39 


38 


21 


67 


66 


65 


63 


62 


«1 


5» 


5i< 


67 


66 


64 


63 


52 


51 


50 


48 


47 


46 


46 


44 


43 


42 


^1 


40 


21 30 


71 


69 


68 


66 


65 


64 


62 


61 


60 


69 


67 


66 


64 


63 


62 


61 


60 


49 


48 


47 


46 


44 


43 


42 


22 


74 


72 


71 


70 


68 


67 


65 


64 


63 


62 


60 


68 


67 


6( 


66 


64 


63 


52 


60 


49 


48 


47 


46 


45 


22 30 


77 


76 


74 


73 


71 


70 


68 


67 


66 


64 


63 


61 


60 


5t' 


68 


56 


65 


64 


63 


52 


61 


49 


48 


47 


23 


80 


79 


77 


76 


74 


73 


71 


70 


69 


67 


66 


64 


63 


61 


60 


69 


5S 


67 


55 


64 


63 


62 


61 


49 


23 30 


83 


82 


80 


7y 


77 


76 


74 


73 


71 


70 


69 


67 


66 


64 


63 


62 


60 


5\i 


68 


67 


66 


54 


53 


62 


24 


87 


86 


84 


82 


80 


79 


77 


76 


74 


73 


71 


70 


68 


67 


66 


64 


63 


62 


61 


69 


58 


67 


66 


64 


24 30 


90 


88 


87 


86 


83 


82 


80 


79 


77 


76 


74 


72 


71 


69 


68 


67 


66 


64 


63 


62 


61 


69 


58 


61 


26 


93 


91 


90 


88 


87 


85 


83 


82 


80 


78 


77 


76 


74 


72 


71 


70 


68 


67 


66 


64 


68 


62 


60 


59 


25 30 


96 


96 


93 


91 


90 


88 


86 


86 


83 


81 


79 


78 


76 


76 


74 


72 


71 


YO 


68 


67 


66 


64 


68 


61 


2t$ 


99 


98 


96 


94 


93 


91 


89 


8f« 


86 


84 


82 


81 


7w 


78 


76 


75 


74 


72 


71 


69 


68 


67 


65 


64 


26 30 


103 


101 


99 


97 


96 


94 


92 


90 


89 


87 


86 


84 


82 


80 


79 


78 


76 


76 


73 


72 


70 


69 


68 


66 


27 


106 


104 


102 


100 


99 


97 


96 


93 


92 


90 


88 


87 


86 


83 


82 


80 


79 


77 


76 


74 


73 


72 


.70 


69 


27 30 


109 


107 


105 


103 


102 


100 


98 


96 


94 


93 


91 


90 


87 


86 


84 


83 


81 


80 


78 


77 


76 


74 


73 


71 


28 


112 


110 


108 
112 


106 
110 


105 
108 


103 
106 


101 
104 


99 

102 


_97 

1(»0 


96 

98 


94 


92 


90 


89 


87 


86 


84 


83 


81 


80 


78 


77 


76 


74 


28 30 


116 


113 


97 


96 


93 


91 


90 


88 


87 


86 


84 


82 


81 


79 


77 


76 


29 


118 


117 


116 


113 


111 


109 


107 


106 


103 


101 


100 


98 


96 


94 


93 


91 


89 


88 


86 


85 


83 


82 


80 


78 


29 30 


122 


120 


118 


116 


114 


112 


lie 


108 


106 


104 


102 


100 


98 


97 


96 


94 


92 


90 


89 


87 


86 


84 


82 


81 


30 


126 


123 


121 


119 


117 


116 


113 


111 


109 
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101 


100 


98 


96 


96 


93 


91 


90 


88 


87 


86 


83 


30 30 


128 


126 


124 


122J120 


118 


116 


114 


112 


110 


108 


106 


104 


102 


101 


99 


97 


96 


94 
"97 


92 


91 


90 


87 


86 


31 


131 


129 


127 


126 123 
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119 


117 


116 


113 


111 


109 


107 
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103 


102 


100 


98 


95 


93 


92 


90 


88 


31 30 


134 


132 
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128126 


124 


122 


120 


118 


116 


113 


111 


109 


108 


106 


104 


103 


101 


99 


97 


96 


94 


92 


90 


32 
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100 


98 


96 


95 


93 


32 30 
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138 
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134 


132 


130 


128 


126 
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119 


117 


115 


113 


111 


110 


108 


106 


104 


102 


101 


99 


97 


95 


33 


143 


141 


139 


137 


135 


133 


131 


128 


126 


124 


122 


120 


118 


116 


114 


112 


110 


101) 


107 


105 


103 


101 


100 


98 


33 30 


146 


144 


142 


140:i38 


136 


133 


131 


T29 


127 


125 


122 


120 


118 


117 


115 


113 


111 


109 


107 


106 


104 


102 


100 


34 


160 


147 


146 


143141 


138 


136 


134 
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130 


127 


125 


123 


121 


119 


117 


116 


114 


112 


110 


108 


106 


104 


103 


34 30 


163 


150 


148 


146143 


141 


139 


137 


134 


132 


130 


128 


125 


124 


122 


120 


118 


lie 


114 


112 


110 


109 


107 


106 


35 


166 


153 


151 


149146 


144 


142 


139 


137 


135 


133 


130 


128 


126 


124 


122 


120 


lie 


117 


116 


113 


111 


109 


107 


36 30 


159 


156 


164 


162:i49 


147 


146 


142 


140 


138 


136 


133 


131 


129 


127 


126 


123 


121 


119 


117 


116 


113 


HI 


109 


36 


162 


169 


167 


154 152 


150 


147 


146 


143 


140 


138 


136 


133 


131 


129 


127 


126 


124 


122 


120 


118 


116 


114 


112 


36 30 


165 


162 


160 


157|166 


153 


160 


148 


146 


143 


141 


138 


136 


134 


132 


130 


128 


126 


124 


122 


120 


118 


lie 


114 


37 


168 


166 


163 


160,158 


165 


153 


151 


148 


146 


143 


141 


139 


137 


136 


132 


130 


128 


126 


124 


122 


120 


118 


lie 


37 30 


171 


168 


166 


163,161 


158 


166 


163 


161 


149 


146 


144 


141 


139 


137 


136 


133 


131 


129 


127 


125 


123 


12] 
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38 
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166|l64 


161 


159 


16C 


154 


151 


149 


146 


144 


142 


140 


138 


136 


134 


131 


129 


127 


125 


123 


121 


38 30 


177 


174 


172 1691166 


164 


161 


169 


166 


164 


161 


149 


146 


144 


142 


140 


138 


136 


134 


132 


130 


128 


125 


123 


39 


179 


177 


174 172]169 


167 


164 


162 
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167 


164 


152 


149 


147 


146 


143 


141 


138 


136 


134 


132 


130 
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39 


38 
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36 
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34 


33 


32 


31 
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30 
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54 


53 


52 


50 


49 


48 
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45 


44 


43 


42 


41 


40 


39 


38 


37 


36 


35 


34 


33 


32 


32 
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90 


55 


54 


53 


51 


60 


49 
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46 
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42 


41 


40 


39 


38 


37 


36 


36 


35 


33 


32 


32 


31 
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The Less Apparent Altitude. 
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TABLE VI. 














First Correoiion to be added to the Apparent Distance. 






■Aux. 

Arc 

Table V. 
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20® 1 21° 
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2;>° 


24° 
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34° 1 
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1 30 
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1 31 


1 81 


21 


1 41 
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1 38 


I 87 


1 36 


1 35 


1 34 
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1 32 
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1 33 
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22 


1 44 


1 43 


1 41 
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1 38 
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71 


69 


67 


65 


64 


62 


60 


59 


68 


66 


54 


51 


58 


101 


96 


93 


89 


86 


83 


80 


78 


75 


73 


71 


69 


67 


65 


64 


62 


60 


59 


58 


56 


53 


59 


103 


99 


95 


92 


88 


85 


82 


80 


77 


76 


73 


71 


69 


67 


66 


63 


62 


60 


59 


56 


64 


60 


106 


102 


98 


94 


91 


87 


84 


82 


79 


77 


74 


72 


70 


68 


67 


65 


63 


62 


60 


57 


66 


61 


109, 


106 


100 


96 


93 


90 


87 


84 


81 


79 


76 


74 


72 


70 


68 


66 


66 


63 


62 


69 


66 


62 


112 


107 


103 


99 


95 


92 


89 


86 


83 


80 


78 


76 


74 


72 


70 


68 


66 


65 


63 


60 


57 


63 


115 


110 


106 


102 


98 


94 


91 


88 


86 


82 


80 


78 


76 


73 


71 


69 


67 


66 


64 61 68 1 


/ 


20O 


210 


220 


230 


240 


250 


260 


270 


280 


290 


30O 


310 


320 


330 


340 


350 


360 


370 


380 400 42o| 
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94 TABLE VIIL 

The Correction for Departure. 


Jot the Departure of <A*J> in JUUude (Meth. 2d), the Coxrectipii is alwajy. to be added to the Obaenred or App. Di»t. 
The Correctioii for the Departure qfDiet,, is always Weeti but for tiieO, it most be increaied by lO"; and, for a PloHet, 
by ito Horizontal FaraUaz. 


Dep.in 


PiSTANCB. 1 


DiU. 


440 \ 460 


480 


600 


520 


640 


660 


680 


6OO 


660 


7CO 


750 


8lJO 


850 


900 


950 


1000 


1050,1100 


116o,120O| 


f 


" 


" 


tf 


" 


// 


// 


" 


// 


// 


ft 


" 


tf 


" 


tf 


ff 


ff 


ft 


ft 


" 


// 


tf 




6 

10 

12 

14 


20 
20 
21 
21 
22 


20 
20 
21 
21 
22 


20 
20 
21 
21 

22 


20 
20 
21 
21 
21 


20 
20 
21 
21 
21 


20 
20 
21 
21 
21 


20 

20^ 

21 

21 

21 


20 
20 
21 
21 
21 


20 
20 
21 
21 
21 


20 
20 
20 
21 
21 


20 
20 
20 
20 
21 


20 
20 
20 
20 
20 


20 
20 
20 
20 
20 


20 

20 
20 
20 
20 


20 
20 
20 
20 
20 


20 
20 
20 
20 
20 


20 
20 
20 
20 
20 


20 
20 
20 
20 

20 


20 
20 
20 
20 
19 


20 
20 
20 
19 
19 


20 
20 
19 
19 
19 


16 
17 

18 
19 
20 


22 
23 
23 
23 
24 


22 
22 
23 
23 
23 


22 
22 
23 
23 
23 


22 
22 
22 
23 
23 


22 
22 
22 
22 
23 


22 

22 
22 
22 
23 


22 
22 
22 
22 
22 


21 
22 
22 
22 
22 


21 
21 
22 
22 
22 


21 
21 
21 
21 
22 


21 
21 
21 
21 
21 


21 
21 
21 
21 
21 


20 
20 
20 
21 
21 


20 
20 
20 
20 
20 


20 
20 
20 
20 
20 


20 
20 
20 
20 
20 

20 
20 
20 
20 
20 


20 
20 
20 
19 
19 


19 
19 
19 
19 
19 


19 
19 
19 
19 
19 


19 
19 

19 
19 

18 


19 
19 
18 
18 

18 


21 
22 
23 
24 
25 


24 
25 
25 
25 

26 


24 
24 

24 
25 
25 


23 
24 
24 
25 
25 


23 
24 
24 
24 
25 


23 
23 
24 
24 
24 


23 
23 
23 
24 
24 


23 
23 
23 
23 
24 


22 

23 
23 
23 
23 


22 
22 
23 
23 
23 


22 
22 
22 
22 
23 


21 
22 
22 
22 
22 


21 
21 
21 
21 
21 


21 
21 
21 
21 
2] 


20 
20 
20 

20 
20 


20 
20 
20 
20 

20 


19 
19 
19 
19 
19 


19 
19 
19 
19 
19 


19 
18 
18 
18 
18 


18 
18 
18 
18 
17 


18 
18 
17 
17 
17 


26 
27 
28 
29 
30 


26 

27 
27 
28 
28 


26 
26 

27 
27 
28 


26 
26 
26 
27 

27 


25 
25 
26 
26 
27 


25 
25 
25 
26 
26 


24 
25 
25 
25 
26 


24 
24 
25 
25 
26 


24 
24 
24 
26 
25 


23 
24 
24 
24 
26 


23 
23 
23 
23 
24 


22 
22 
22 
23 
23 


22 
22 
22 
22 
22 


21 
21 
21 
21 
21 


21 
21 
21 
21 
21 


20 
20 
20 
20 
20 


19 
19 
19 
19 
19 


19 
19 
19 
19 
19 


18 
18 
18 

18 
18 


18 

18 
18 
17 
17 


17 

17 
17 
17 
16 


17 
16 
16 
16 
15 


31 
32 
33 
34 
35 


29 
29 
30 
30 
31 


28 
29 
29 
30 
30 


28 
28 
29 
29 
30 


27 
27 

28 
28 
29 


27 
27 
27 

28 
28 


26 
26 

27 
27 
28 


26 
26 
26 

27 
27 


26 
26 
26 

26 

27 


25 
25 
25 
26 
26 


24 

24 
24 
25 
25 


23 
23 
23 
24 
24 


22 
22 
23 
23 
23 


21 
22 
22 
22 
22 


21 
21 
21 
21 
21 


20 
20 
20 
20 
20 


19 
19 
19 
19 
19 


19 
18 
18 
18 
18 


18 
18 
17 
17 
17 


17 
17 
17 
16 
16 


16 
16 
16 
15 
15 


16 
15 
15 
14 
14 


36 
37 
38 
39 
40 


32 
32 
33 
34 
34 


31 
32 
32 
33 
33 


30 
31 
31 
32 
33 


29 
30 
31 
31 
32 


29 
29 
30 
30 
31 


28 
29 
29 
30 
30 


28 
28 
28 
29 
29 


27 
27 
28 
28 
29 


27 

27 
27 
28 
28 


25 
26 
%% 
26 

27 


24 

24 
26 
26 
25 


23 
23 
23 
24 
24 


22 
22 
22 
22 
22 


21 
21 
21 
21 
21 


20 
20 
20 
20 
20 


19 
19 
19 
19 
19 


18 
18 

18 
1'8 
18 


17 
17 
17 
16 
16 


16 
16 
15 
15 
15 


15 
14 
14 
14 
13 


13 
13 
13 
12 
12 


41 
42 
43 
44 
45 


35 
36 
37 
37 
38 


34 
35 
36 
36 
37 


33 
34 
35 
35 
36 


32 
33 
34 
34 
35 


31 
32 
33 
33 

34 


31 
31 
32 
32 

33 


30 
30 
31 
31 

32 


29 
30 
30 
31 
31 


28 
29 
29 
30 
30 


27 
27 
28 
28 
28 


25 
26 
26 
26 
26 


24 
24 
24 
25 
25 


23 
23 
23 
23 
23 


21 
21 
21 
21 
22 


20 
20 
20 
20 
20 


19 
19 
19 
19 

18 


17 
17 
17 
17 
17 


16 
16 
16 
15 
16 


15 
14 
14 
14 
14 


13 
13 
12 
12 
12 


12 
11 
11 
10 
10 


46 

47 
48 
49 
50 


39 
40 
41 
42 
43 


38 
39 
39 
40 
41 


37 
37 
38 
39 
40 


35 
36 
37 
38 

38 


34 
35 

36 
36 
37 


33 
34 
36 
35 
36 


32 
33 
34 
34 
35 


32 
32 
33 
33 
34 


31 
31 
32 
32 
33 


29 
29 
29 
SO 
30 


27 
27 
27 

28 
28 


25 
25 
25 
26 
26 


23 
23 
24 
24 
24 


22 
22 
22 
22 
22 


20 
20 
20 
20 
20 


18 
18 

18 
18 
18 


17 
17 
16 
16 
16 


15 
15 
15 
14 
14 


13 
13 
13 
12 
12 


11 
11 
11 
10 
10 


9 
9 

8 
8 

7 


51 
52 
53 
54 
55 


44 
44 

45 
46 

47 


42 
43 
44 
45 
45 


40 
41 
42 
43 
44 


39 
40 
41 
41 
42 


38 
38 
39 
40 
41 


36 
37 
38 
38 
39 


35 
36 
37 
37 

38 


34 
36 
35 
36 
36 


33 
34 
34 
36 
35 


31 
31 
31 
32 
32 


28 
29 
29 
29 
30 


26 

26 

27 
27 
27 


24 
24 
24 
24 
25 


22 
22 
22 

22 
22 


20 
20 
20 
20 
20 


18 
18 
18 
18 
18 


16 
16 
16 
16 
15 


14 
14 
13 
13 
13 


12 
11 
11 
11 
10 


9 
9 
9 

8 
8 


7 
6 
6 
5 
5 


56 

67 
58 
59 
60 


48 
49 
50 
51 
53 


46 
47 
48 
49 
50 


45 
46 

46 

47 
48 


43 
44 
45 
45 
46 


41 
42 
43 
44 
45 


40 
41 
41 
42 
43 


38 
39 
40 
40 
41 


37 
38 
38 
39 
40 


36 
36 
37 
38 
38 


33 
33 
34 
34 
35 


30 
30 
31 
31 
31 


27 
28 
28 
28 
28 


25 
25 
25 
25 
26 


22 
22 
23 
23 
23 


20 
20 
20 
20 
20 


18 
18 
17 
17 
17 


15 
15 
16 
15 
14 


13 
12 
12 
12 
12 


10 

10 

9 

9 

9 


7 
7 
6 
6 
5 


4 
4 

3 
2 
2 


61 
62 
63 


54 
55 
56 


51 
52 
53 


49 
60 
51 


47 
48 
49 


45 
-46 
47 


44 
44 
46 


42 
43 
43 


40 
41 
42 


39 
39 
40 


35 
36 
36 


32 
32 
33 


29 
29 
29 


26 
26 
26 


23 
23 
23 


20 
20 
20 


17 
17 
17 


14 
14 
14 


11 

11 
11 


8 
8 

7 


5 
4 
4 


i 

1 



/ 


440 


460 


480 


500 


520 


540 


560 


680 


6O0 


650 


700 


750 


8O0 


860 


90O 


950 


1000 


1050 


UQO 


1150 


1200 
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TABT.R IX. 95 

Logarithmic Sines, Tangents, and Cosecants. 


M. 


1 
2 
3 

4 
5 
6 
7 
8 
9 


6 Degrees. 


7 Degrees. 


8 Degrees. 


9 Degrees. 


M. 


Sine 

9.0192 
0204 
0216 
0228 
0240 
0252 
0264 
0276 
0287 
0299 


Tajigent 


Cosecant 


Sine 


Tangent 


Cosecont 


Sine 


Tangent 


Coeecant 


Sine 


Tangent 


Cosecant 


9.0216 
0228 
0240 
0253 
0265 
0277 
0289 
0300 
0312 
0324 


0.9808 
9796 
9784 
9772 
9760 
9748 
9736 
9724 
9713 
9701 


9.0859 
0869 
0879 
0890 
0900 
0910 
0920 
0930 
0940 
0951 

9.0961 
0971 
0981 
0991 
1001 
1011 
1020 
1030 
1040 
1050 


9.0891 
0902 
0912 
0923 
0933 
0943 
0954 
0964 
0974 
0984 


0.9141 
9131 
9121 
9110 
9100 
9090 
9080 
9070 
9060 
9049 


9.1436 
1445 
1453 
1462 
1471 
1480 
1489 
1498 
1507 
1516 


9.1478 
1487 
1496 
1505 

• 1515 
1524 
1533 
1542 
1551 
1560 


0.8564 
8556 
8547 
8538 
8529 
8520 
8511 
8502 
8493 
8484 


9.1943 
1951 
1959 
1967 
1975 
1983 
1991 
1999 
2007 
2015 


9.1997 
2005 
2013 
2022 
2030 
2038 
2046 
2054 
2062 
2070 


0.8057 
8049 
8041 
8033 
8025 
8017 
8009 
8001 
7093 
7985 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


9.0311 
0323 
0334 
0346 
0357 
0369 
0380 
0392 
0403 
0415 


9.0336 
0348 
0360 
0371 
0383 
0395 
0407 
0418 
0430 
0441 


0.9689 
9677 
9666 
9654 
9643 
9631 
9620 
9608 
9596 
9535 


9.0995 
1005 
1015 
1025 
1035 
1045 
1055 
1066 
1076 
1086 


0.9039 
9029 
9019 
9009 
8999 
8989 
8980 
8970 
8960 
8950 


9.1525 
1533 
1542 
1551 
1560 
1568 
1577 
1586 
1594 
1603 


9.1569 
1578 
1587 
1596 
1605 
1613 
1622 
1631 
1640 
1649 


0.8475 
8467 
8458 
8449 
8440 
8432 
8423 
8414 
8406 
8397 


9.2022 
2030 
2038 
2046 
2054 
2061 
2069 
2077 
2085 
2092 


9.2078 
2086 
2094 
2102 
2110 
2118 
2126 
2134 
2142 
2150 


0.7978 
7970 
7962 
7954 
7946 
7939 
7931 
7923 
•7915 
7908 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.0426 
0438 
0449 
0460 
0472 
0483 
0494 
0505 
0516 
0527 


9.0453 
0464 
0476 
0487 
0499 
0510 
0521 
0533 
0544 
0555 


0.9574 
9562 
9551 
9540 
9528 
9517 
9606 
9495 
9484 
9473 


9.1060 
1070 
1080 
1089 
1099 
1108 
1118 
1128 
1138 
1147 


9.1096 
1106 
1116 
1125 
1135 
1145 
1155 
1165 
1175 
1185 


0.8940 
8930 
8920 
8911 
8901 
8891 
8882 
8872 
8862 
8853 


9.1612 
1620 
1629 
1637 
1646 
1655 
1663 
1672 
1680 
1689 


9.1658 
1667 
1675 
1684 
1693 
1702 
1710 
1719 
1728 
1736 


0.8388 
8380 
8371 
8363 
8354 
8345 
8387 
8328 
8320 
8311 


9.2100 
2108 
2115 
2123 
2131 
2138 
2146 
2153 
2161 
2169 


9.2158 
2166 
2174 
2181 
2189 
2197 
2205 
2213 
2221 
2228 


0.7900 
7892 
7885 
7877 
7869 
7862 
7854 
7847 
7839 
7831 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.0539 
0550 
0561 
0572 
0583 
0594 
0605 
0616 
0626 
0637 


9.0567 
0578 
0589 
0600 
0611 
0622 
0633 
0645 
0656 
0667 


0.9461 
9450 
9439 
9428 
9417 
9406 
9395 
9384 
9374 
9363 


9.1157 
1167 
1176 
1186 
1195 
1205 
1214 
1224 
1233 
1242 


9.1194 
1204 
1214 
1223 
1233 
1243 
1252 
1262 
1272 
1281 


0.8843 
8833 
8824 
8814 
8805 
8795 
8786 
8776 
8767 
8758 


9.1697 
1705 
1714 
1722 
1731 
1739 
1747 
1756 
1764 
1772 


9.1745 
1754 
1762 
1771 
1779 
1788 
1797 
1805 
1814 
1822 


0.8303 
8295 
8286 
8278 
8269 
8261 
8253 
8244 
8236 
8228 


9.2176 
2184 
2191 
2199 
2206 
2214 
2221 
2229 
2236 
2243 


9.2236 
2244 
2251 
2259 
2267 
2275 
2282 
2290 
2298 
2305 


0.7824 
7816 
7809 
7801 
7794 
7786 
7779 
7771 
7764 
7757 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.0648 
0659 
0070 
0680 
0691 
0702 
0712 
0723 
0734 
0744 


9.0678 
0688 
0699 
0710 
07SI1 
0732 
0743 
0754 
0764 
0775 


0.9352 
9341 
9330 
9320 
9309 
9298 
9288 
9277 
9266 
9256 


9.1252 
1261 
1271 
1280 
1289 
1299 
1308 
1317 
1326 
1336 


9.1291 
1300 
1310 
1319 
1329 
1338 
1348 
1357 
1367 
1376 


0.8748 
8739 
8729 
8720 
8711 
8701 
8692 
8683 
8674 
8664 


9.1781 
1789 
1797 
1806 
1814 
1822 
1830 
1838 
1847 
1855 


9.1831 
1839 
1848 
1856 
1864 
1873 
1881 
1890 
1898 
1906 


8219 
8211 
8203 
8194 
8186 
8178 
8170 
8162 
8153 
8145 


9.2250 
2258 
2266 
2273 
2280 
2288 
2295 
2303 
2310 
2317 


9.2313 
2321 
2328 
2336 
2343 
2351 
2359 
2366 
2374 
2381 


0.7749 
7742 
7734 
7727 
7720 
7712 
7705 
7697 
7690 
7683 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
56 
56 
57 
6S 
59 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


9.0755 
0765 
0776 
0786 
0797 
0807 
0818 
0828 
083S 
0849 


9.0786 
0796 
0807 
0818 
0828 
0839 
0849 
0860 
0871 
0881 


0.9245 
9235 
9224 
9214 
9203 
9193 
9182 
9172 
9162 
9151 


9.1345 
1354 
1363 
1372 
1381 
1390 
1399 
1409 
1418 
1427 


9.1385 
1395 
1404 
1413 
1423 
1432 
1441 
1450 
1460 
1469 


0.8655 
8646 
8637 
8628 
8619 
8610 
8601 
8592 
8582 
8573 


9.1863 
1871 
1879 
1887 
1895 
1903 
1911 
1919 
1927 
1985 


9.1915 
1923 
1931 
1940 
1948 
1956 
1964 
1973 
1981 
1989 


0.8137 
8129 
8121 
8113 
8106 
8097 
8089 
8081 
8073 
8065 


9.2324 
2332 
2339 
2346 
2353 
2361 
2368 
2375 
2382 
2390 


9.2389 
2397 
2404 
2411 
2419 
2426 
2434 
2441 
2448 
2456 


0.7676 
7668 
7661 
7654 
7647 
7630 
7632 
7625 
7618 
7610 


1 
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TABLE IX. 




















Logarithmic Sines, Tangents, and Cosecants. 










M. 

"o 


10 Degrees. 1 


11 Degrees. 


12 Degrees. 


13 Degrees. 


M. 

'o" 




Sine 


Tangent 


Cosecant 


Sine* 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Slue 


Tangent 


Cosecant 
0.6479 




9.2397 


9.2463 


0.7603 


9.2806 


9.2887 


0.7194 


9.3179 


9.3275 


0.6821 


9.3621 


9.3634 




1 


2404 


2471 


7596 


2812 


2893 


7188 


*3185 


3281 


6815 


3626 


3639 


6474 


1 




2 


2411 


2478 


7689 


2819 


2900 


7181 


3191 


3287 


6809 


3632 


3645 


6468 


2 




3 


2418 


2485 


7682 


2826 


2907 


7176 


3197 


3293 


6803 


3537 


3651 


6463 


3 




4 


2425 


2493 


7575 


2832 


2913 


7168 


3202 


3300 


6798 


3643 


3667 


6457 


4 




5 


2432 


2500 


7568 


2838 


2920 


7162 


3208 


8306 


6792 


3648 


3662 


6452 


6 




6 


2439 


2507 


7561 


2845 


2927 


7166 


3214 


3312 


6786 


3654 


3668 


6446 


6 




7 


2447 


2516 


7663 


2851 


2934 


7149 


3220 


3318 


6780 


3659 


3674 


6441 


7 




8 


2454 


2522 


7546 


2858 


2940 


7142 


3226 


3324 


6774 


8664 


3680 


6436 


8 




9 


2461 


2529 


7539 


2864 


2947 


7136 


3232 


3330 


6768 


3670 


3685 


6430 


9 
10 




10 


9.2468 


9.2536 


0.7532 


9.2870 


9.2963 


0.7130 


9.8238 


9.3336 


0.6762 


9.3675 


9.3691 


0.6425 




11 


2476 


2544 


7526 


2877 


2960 


7123 


8244 


3343 


6756 


3681 


3697 


6419 


11 




12 


2482 


2551 


7618 


2883 


2967 


7117 


3250 


3349 


6751 


3586 


3702 


6414 


12 




13 


2489 


2668 


7611 


2890 


2973 


7110 


3255 


3356 


6746 


3591 


3708 


6409 


13 




14 


2496 


2565 


7604 


2896 


2980 


7104 


3261 


3361 


6739 


3697 


3714 


6403 


14 




15 


2503 


2573 


7497 


2902 


2987 


7098 


3267 


3367 


6733 


8602 


3719 


6398 


15 




16 


2510 


2580 


7490 


2909 


2993 


7091 


3273 


3373 


6727 


3608 


8725 


6392 


16 




11 


2517 


2587 


7483 


2916 


8000 


7086 


8279 


3379 


6721 


3618 


3731 


6387 


17 




18 


2524 


2594 


7476 


2921 


8006 


7079 


3284 


3386 


6716 


3618 


3736 


6382 


18 




19 


2531 


2661 
9.2609 


7469 


2928 


3013 


7072 


3290 


3391 


6710 


3624 


3742 


6376 


19 
20 




20 


9.2538 


0.7462 


9.2934 


9.3020 


0.7066 


9.3296 


9.3397 


0.6704 


9.3629 


9.3748 


0.6371 




21 


2545 


2616 


7466 


2940 


3026 


7060 


8302 


3403 


6698 


8634 


3763 


6366 


21 




22 


2651 


2623 


7449 


2947 


3033 


7053 


3308 


8409 


6692 


8640 


8769 


6360 


22 




23 


2658 


2630 


7442 


2953 


3089 


7047 


3313 


8416 


6687 


3645 


8764 


6366 


23 




24 


2565 


2637 


7436 


2959 


3046 


7041 


3319 


3422 


6681 


3660 


3770 


6360 


24 




25 


2572 


2644 


7428 


2966 


3052 


7036 


3325 


8428 


6676 


3665 


3776 


6346 


26 




26 


2579 


2651 


7421 


2971 


3059 


7028 


3331 


3434 


6669 


3661 


3781 


6339 


26 




27 


2586 


2658 


7414 


2978 


8065 


7022 


3336 


3440 


6664 


3666 


8787 


6334 


27 




28 


2593 


2666 


7407 


2984 


3072 


7016 


3342 


3446 


6668 


3671 


8792 


6329 


28 




29 


2600 


2673 


7400 


2990 


3078 


7010 


3348 


8452 


6662 


3677 


3798 


6323 


29 
30 




30 


9.2606 


9.2680 


0.7394 


9.2997 


9.3085 


0.7003 


9.3353 


9.3458 


0.6647 


9.3682 


9.3804 


0.6318 




31 


2613 


2687 


7387 


3003 


3091 


6997 


3369 


3464 


6641 


3687 


3809 


6313 


31 




32 


2620 


2694 


7380 


3009 


30.98 


6991 


3365 


3469 


6636 


3692 


3815 


6308 


32 




33 


2627 


2701 


7373 


3015 


3104 


6985 


3370 


3475 


6630 


3698 


8820 


6302 


33 




34 


2634 


2708 


7366 


3021 


8110 


•6979 


3376 


3481 


6624 


3703 


3826 


6297 


34 




35 


2640 


2715 


7360 


3027 


3117 


6973 


3382 


3487 


6618 


3708 


3831 


6292 


S5 




3« 


2647 


2722 


7353 


3034 


3123 


6966 


8387 


3493 


6613 


3713 


3837 


6287 


36 




37 


2654 


2729 


7346 


3040 


3130 


6960 


3393 


3499 


6607 


3719 


3842 


6281 


37 




38 


2661 


2736 


7339 


3046 


3136 


6954 


3399 


3506 


6601 


3724 


3848 


6276 


38 




39 


2667 


2743 


7333 


3062 


3142 


6948 
0.6942 


3404 


3511 


6596 


3729 


3853 


6271 


39 
40 




40 


9.2674 


9.2760 


0.7326 


9.8068 


9.3149 


9.3410 


9.3517 


0.6590 


9.3734 


9.3859 


0.6266 




41 


2681 


2757 


7319 


3064 


3155 


6936 


3416 


3523 


6684 


3739 


8864 


6261 


41 




42 


2687 


2764 


7313 


3070 


3162 


6930 


3421 


3629 


6679 


3745 


3870 


6266 


42 




43 


2694 


2770 


7306 


3077 


8168 


6924 


3427 


3635 


6673 


3750 


3876 


6250 


43 




44 


2701 


27^7 


7299 


3083 


3174 


6917 


3432 


3641 


6568 


3755 


3881 


6246 


44 




45 


2707 


2784 


7293 


3089 


3181 


6911 


3438 


3546 


6562 


3760 


3886 


6240 


46 




46 


2714 


2791 


7286 


3095 


3187 


6905 


3444 


3652 


6656 


3765 


3892 


6235 


46 




47 


2721 


2798 


7279 


3101 


8193 


6899 


3449 


3558 


6551 


3770 


3897 


6230 


47 




48 


2727 


2806 


7273 


8107 


3260 


6893 


3456 


3664 


6545 


3775 


3903 


6226 


48 




49 


2734 


2812 


7266 


3113 


3206 


6887 


8460 


3670 


6540 


3781 


3908 


6219 


49 
60 




50 


9.2740 


9.2819 


0.7260 


9.3119 


9.8212 


0.6881 


9.3466 


9.3576 


0.6534 


9.3786 


9.3914 


6214 




51 


2747 


2825 


7253 


3125 


8219 


6876 


3471 


3581 


6529 


3791 


3919 


6209 


51 




52 


2764 


2832 


7246 


3131 


3225 


6869 


3477 


3587 


6623 


3796 


3924 


6204 


52 




53 


2760 


2839 


^240 


3137 


3231 


6863 


3482 


3693 


6518 


8801 


3930 


6199 


63 




54 


2767 


2846 


7233 


3148 


8237 


6857 


3488 


3699 


6512 


3806 


8935 


6194 


64 




55 


2773 


2863 


7227 


3149 


3244 


6861 


3493 


8605 


6607 


3811 


3941 


6189 


55 




66 


2780 


2869 


7220 


3166 


3260 


6846 


3499 


3611 


6601 


3816 


3946 


6184 


56 




57 


2786 


2866 


7214 


3161 


3266 


6839 


8604 


3616 


6496 


3822 


3962 


6178 


67 




58 


2793 


2873 


7207 


3167 


3262 


6833 


3510 


3622 


6490 


3827 


3957 


6173 


58 




69 


2799 


2880 


7201 


3173 


3269 


6827 


3615 


3628 


6485 


3832 


3962 


6168 


69 































Digitized by 



Google 



TABLE IX, 97 

Logarithmic Sines, Tangents, and Cosecants. 


M. 

'~d 

1 
2 
3 
4 
5 
6 
7 
8 
9 


14 Degrees. 


15 Degrees. 


16 Degrees. 


17 Degrees. 




Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


M 


9.3837 
3842 
3847 
3852 
3857 
3862 
3867 
3872 
3877 
3882 


9.3968 
3973 
3978 
3984 
3989 
3995 
4000 
4005 
4011 
4016 


0.6163 
6158 
6163 
6148 
6143 
6138 
6133 
6128 
6123 
6118 


9.4130 
4136 
4139 
4144 
4149 
4153 
4158 
4163 
4168 
4172 


9.4281 
4286 
4291 
4296 
4301 
4306 
4311 
4316 
4321 
4326 


0.5870 
5865 
5861 
5856 
5851 
5847 
6842 
5837 
5832 
5828 


9.4403 
4408 
4412 
4417 
4421 
4426 
4430 
4434 
4438 
4443 


9.4576 
4580 
4684 
4589 
4594 
4599 
4603 
4608 
4613 
4618 


0.6697 
5592 
5588 
6583 
6579 
6675 
5570 
5666 
5562 
5557 


9.4669 
4663 
4668 
4673 
4676 
4680 
4684 
4688 
4692 
4696 


9.4853 

4858 
4862 
4867 
4871 
4876 
4880 
4885 
4889 
4894 


0.6341 
6337 
5332 
5328 
5324 
5320 
6316 
5312 
5308 
5304 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


9.3887 
3892 
3897 
3902 
3907 
3912 
8917 
3922 
3927 
3932 


9.4021 
4027 
4032 
4037 
4042 
4048 
4053 
4058 
4064 
4069 


0.6113 
6108 
6103 
6098 
6093 
6088 
6083 
6078 
6073 
6068 


9.4177 
4182 
4186 
4191 
4195 
4200 
4205 
4209 
4214 
4219 


9.4331 
4336 
4341 
4346 
4351 
4356 
4361 
4366 
4371 
4376 


0.5823 
5819 
6814 
5809 
5805 
5800 
6796 
6791 
5786 
5781 


9.4447 
4452 
4466 
4460 
4465 
4469 
4473 
4478 
4482 
4486 


9.4622 
4627 
4632 
4637 
4641 
4646 
4651 
4655 
4660 
4665 


0.5553 
5548 
5544 
5540 
5635 
5681 
5527 
5522 
5618 
5514 


9.4700 
4705 
4709 
4718 
4717 
4721 
4725 
4729 
4733 
4737 


9.4899 
4903 
4907 
4912 
4916 
4921 
4925 
4930 
4934 
4939 


0.5300 
6295 
6291 
6287 
6283 
6279 
5276 
5271 
5267 
5263 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.3937 
3942 
3947 
3952 
3957 
3962 
3966 
3971 
3976 
3981 


9.4074 
4079 
4085 
4090 
4095 
4100 
4106 
4111 
4116 
4121 


0.6063 
6058 
6053 
6048 
6043 
6039 
6034 
6029 
6024 
6019 


9.4223 
4228 
4232 
4237 
4242 
4246 
4251 
4255 
4260 
4264 


9.4381 
4386 
4390 
4395 
4400 
4405 
4410 
4415 
4420 
4425 


0.5777 
5772 
5768 
5763 
5758 
5754 
5749 
5746 
5740 
5736 


9.4491 
4495 
4499 
4503 
4608 
4512 
4516 
4521 
4525 
4529 


9.4669 
4674 
4679 
4683 
4688 
4693 
4697 
4702 
4707 
4711 


0.5509 
5505 
5501 
5497 
5492 
6488 
6484 
5479 
6476 
5471 


9.4741 
4745 
4749 
4753 
4757 
4761 
4765 
4769 
4773 
4777 

9.4781 
4786 
4789 
4793 
4797 
4801 
4805 
4809 
4813 
4817 


9.4943 
4947 
4952 
4956 
4961 
4965 
4970 
4974 
4978 
4983 


0.5269 
6255 
5251 
5247 
5243 
6239 
5235 
5231 
6227 
6223 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


9.3986 
3991 
3996 
4001 
4006 
4010 
4015 
4020 
4025 
4030 


9.4127 
4132 
4137 
4142 
4147 
4153 
4158 
4163 
4168 
4173 


0.6014 
6009 
6004 
5999 
6995 
5990 
6985 
5980 
6976 
5970 


9.4269 
4274 

4278 
4283 
4287 
4292 
4296 
4301 
4305 
4310 


9.4430 
4435 
4440 
4445 
4449 
4454 
4459 
4464 
4469 
4474 


0.6731 
5726 
6722 
6717 
6713 
5708 
5704 
5699 
5696 
5690 


9.4633 
4538 
4542 
4546 
4550 
4555 
4559 
4663 
4567 
4572 


9.4716 
4721 
4725 
4730 
4735 
4739 
4744 
4748 
4763 
4758 


0.5467 
5462 
5468 
5454 
6450 
5445 
5441 
5437 
5433 
6428 


9.4987 
4992 
4996 
6000 
6005 
5009 
6014 
6018 
6022 
6027 

9.5031 
6035 
5040 
5044 
5049 
5053 
5057 
6062 
5066 
5070 


5219 
5215 
5211 
5207 
5203 
6199 
5195 
5191 
5187 
5183 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.4035 
4039 
4044 
4049 
4054 
4059 
4063 
4068 
4073 
4078 


9.4178 
4184 
4189 
4194 
4199 
4204 
4209 
4214 
4220 
4226 


0.5965 
5961 
6956 
5951 
5946 
5941 
5937 
5932 
5927 
6922 


9.4314 
4319 
4323 
4328 
4332 
4337 
4341 
4346 
4360 
4355 


9.4479 
4484 
4488 
4493 
4498 
4503 
4508 
4513 
4617 
4522 


0.5686 
5681 
5677 
6672 
5668 
5663 
5669 
6654 
5650 
5645 


9.4576 
4580 
4684 
4588 
4593 
4597 
4601 
4605 
4609 
4614 


9.4762 
4767 
4771 
4776 
4781 
4785 
4790 
4794 
4799 
4803 


0.5424 
5420 
5416 
5412 
5407 
6403 
5399 
5395 
6391 
5386 


9.4821 
4825 
4829 
4833 
4837 
4841 
4845 
4849 
4853 
4867 


0.5179 
5176 
5171 
5167 
5163 
6169 
5L66 
6151 
6147 
5143 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


50 
51 
52 
53 
64 
55 
56 
67 
68 
59 


9.4083 
4087 
4092 
4097 
4102 
4106 
4111 
4116 
4121 
4125 


9.4230 
4235 
4240 
4245 
4260 
4255 
4260 
4265 
4270 
4276 


0.5917 
5913 
5908 
6903 

6898 
6894 
5889 
5884 
5879 
5875 


9.4359 
4364 
4368 
4372 
4377 
4381 
4386 
4390 
4395 
4399 


9.4527 
4532 
4537 
4541 
4546 
4551 
4656 
4561 
4565 
4670 


0.5641 
6636 
5682 
5628 
6623 
6619 
6614 
5610 
5606 
5601 


9.4618 
4622 
4626 
4630 
4634 
4639 
4643 
4647 
4661 
4655 


9.4808 
4813 
4817 
4822 
4826 
4831 
4836 
4840 
4844 
4849 


0.5382 
5378 
5374 
6370 
5366 
6361 
6857 
5353 
5349 
6345 


9:4861 
4865 
4869 
4878 
4876 
4880 
4884 
4888 
4892 
4896 


9.5075 
6079 
6083 
6088 
6092 
5096 
5101 
5106 
6109 
6113 


0.5139 
5135 
5131 
5127 
6124 
5120 
6116 
6112 
5108 
5104 


50 
51 
62 
53 
64 
66 
66 
67 
68 
59 


^ 




1 ' 
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98 TABLE IX. 

Logarithmic Sines, Tangents, and Cosecants. 


M. 

~0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 


18 Degrees. 


19 Degrees. 


20 Degrees. 


21 Degrees. 


M- 

~0 

1 
2 
3 
4 
6 
6 
7 
8 
9 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


9.4900 
4904 
4908 
4911 
4915 
4919 
4923 
4927 
4931 
4935 


9.6118 
6122 
5126 
5131 
5135 
5139 
5143 
.6148 
5162 
6156 

9.6161 
6165 
5169 
5173 
5178 
5182 
6186 
5190 
5195 
5199 


0.6100 
6096 
6092 
6080 
5085 
5081 
6077 
6073 
5069 
5066 

05001 
5058 
5064 
6060 
6046 
5042 
5038 
5036 
6031 
6027 


9.5126 
6130 
5134 
5137 
5141 
5146 
6148 
5162 
6156 
5169 

9.6163 
6167 
5170 
5174 
5177 
5181 
6186 
5188 
5192 
5196 


9.5370 
5374 
6378 
5382 
5386 
5390 
5394 
6398 
6402 
5407 


0.4874 
4870 
4866 
4863 
4859 
4855 
4852 
4848 
4844 
4841 


9.5341 
5344 
6347 
6351 
5354 
5368 
5361 
6366 
5368 
5372 


9.6611 
5615 
5619 
6622 
5626 
5630 
6634 
6638 
5642 
5646 

9.5650 
6664 
6668 
5662 
6666 
6669 
5673 
5677 
5681 
5686 


0.4659 
4656 
4653 
4649 
4646 
4642 
4639 
4636 
4632 
4628 

0.4625 
4621 
4618 
4615 
4611 
4608 
4604 
4601 
4698 
4694 


9.6543 
5647 
5560 
6653 
5556 
6660 
5663 
5566 
5670 
5573 

9.6576 
5579 
5683 
5586 
5589 
5692 
6596 
6599 
5602 
5605 


9.5842 
5846 
5849 
5863 
6857 
5861 
5864 
5868 
6872 
5876 


0.4467 
4463 
4450 
4447 
4444 
4440 
4437 
4434 
4430 
4427 


9.4939 
4942 
4946 
4950 
4954 
4968 
4962 
4965 
4969 
4973 


9.6411 
6415 
5419 
5423 
5427 
5431 
5436 
6439 
5443 
5447 


0.4837 
4836 
4830 
4826 
4823 
4819 
4816 
4812 
4808 
4804 

0.4801 
4797 
4794 
4790 
4787 
4783 
4779 
4776 
4772 
4769 


9.5376 
6379 
638^ 
5385 
5389 
5392 
5396 
5399 
5402 
5406 


9.5879 
5883 
5887 
5891 
6894 
5898 
5902 
6906 
6909 
6913 


0.4424 
4421 
4417 
4414 
4411 
4408 
4404 
4401 
4398 
4395 


10 
11 
12 
13 
14 
16 
16 

17 
18 
19 


9.4977 
4981 
4984 
4988 
4992 
4996 
5000 
5003 
6007 
6011 


9.5203 
6207 
6212 
5216 
5220 
5224 
5228 
5233 
5237 
6241 


0.5023 
5019 
5016 
5012 
5008 
5004 
6000 
4997 
4993 
4989 


9.6199 
5203 
5206 
6210 
6213 
5217 
6221 
5224 
5228 
5231 


9.6461 
5466 
5469 
5463 
5467 
5471 
6475 
5479 
6483 
5487 


9.5409 
5413 
5416 
5420 
5423 
5426 
5430 
5433 
5436 
5440 


9.5689 
5693 
5696 
5700 
6704 
5708 
5712 
5716 
5720 
5724 


0.4691 
4587 
4584 
4580 
4577 
4574 
4570 
4567 
4564 
4560 

0.4557 
4553 
4650 
4547 
4543 
4540 
4537 
4633 
4530 
4526 


9.6609 
5612 
5615 
6618 
5621 
6625 
6628 
5631 
5634 
5638 

9.6641 
5644 
5647 
5660 
6654 
5667 
5660 
5663 
5666 
6670 


9.5917 
5921 
5924 
5928 
6932 
5935 
5939 
5943 
5947 
5960 

9.5954 
5958 
5961 
5966 
6969 
5972 
5976 
5980 
5984 
5987 


0.4391 
4388 
4385 
4382 
4379 
4376 
4372 
4369 
4366 
4362 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.5016 
5019 
6022 
6026 
5030 
5034 
5037 
6041 
5045 
5049 


9.6246 
. 5249 
6264 
6258 
6262 
5266 
6270 
5275 
5279 
6283 


0.4985 
4981 
4978 
4974 
4970 
4966 
4963 
4959 
4966 
4951 


9.5236 
5239 
5242 
5246 
5249 
5263 
6266 
5260 
5263 
6267 


9.6491 
5496 
5600 
6604 
6608 
6612 
6616 
6520 
6624 
5628 


0.4765 
4761 
4758 
4764 
4761 
4747 
4744 
4740 
4737 
4733 


9.6443 
6447 
5460 
6453 
5467 
6460 
5463 
5467 
5470 
5474 


9.5727 
5731 
6736 
6739 
5743 
6747 
6760 
5754 
5758 
6762 


0.4369 
4356 
4353 
4360 
4346 
4343 
4340 
4337 
4334 
4330 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
62 
63 
54 
66 
66 
67 
68 
69 


9.5062 
6056 
6060 
6064 
6067 
5071 
6076 
5078 
6082 
6086 


9.6287 
6291 
5296 
6300 
5304 
6308 
6312 
6316 
5320 
5324 


0.4948 
4946 
4940. 
4936 
4933 
4929 
4925 
4922 
4918 
4914 


9.5270 
5274 
5278 
6281 
6286 
6288 
5292 
5296 
5299 
5302 


9.6531 
6636 
5639 
5543 
5647 
5651 
6555 
6659 
6663 
6667 


0.4730 
4726 
4722 
4719 
4715 
4712 
4708 
4706 
4701 
4698 


9.5477 
5480 
5484 
5487 
6490 
6494 
5497 
5600 
5504 
5507 


9.6766 
5770 
6773 
6777 
5781 
6786 
6789 
^792 
5796 
5800 


0.4623 
4520 
4616 
4613 
4610 
4606 
4^)3 
4600 
4496 
4493 


9.5673 
5676 
5679 
6682 
5686 
6689 
6692 
6695 
5698 
5701 


9.5991 
5996 
5998 
6002 
6006 
6009 
6013 
6017 
6020 
6024 


0.4327 
4324 
4321 
4318 
4315 
4311 
4808 
4306 
4302 
4299 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


9.6090 
5093 
6097 
6101 
5104 
5108 
6112 
6115 
6119 
5123 


9.5329 
5333 
5337 
6341 
6346 
6349 
6363 
5367 
5362 
5366 


0.4010 
4907 
4903 
4899 
4896 
4892 
4888 
4886 
4881 
4877 


9.5306 
6309 
5313 
5316 
5320 
5323 
5327 
6330 
6334 
6337 


9.5571 
5676 
5679 
6683 
6687 
6691 
5696 
5699 
5603 
6607 


0.4694 
4691 
4687 
4684 
4680 
4677 
4673 
4670 
4666 
4663 


9.6610 
5614 
5617 
6620 
5523 
5627 
5530 
5633 
5537 
5540 


9.6804 
5808 
6811 
6816 
5819 
6823 
5827 
5830 
6834 
5838 


0.4490 
4486 
4483 
4480 
4477 
4473 
4470 
4467 
4463 
4460 


9.5704 
6708 
5711 
6714 
6717 
6720 
5723 
6726 
5730 
6733 


9.6028 
6031 
6035 
6089 
6042 
6046 
6060 
6053 
6057 
6060 


0.4296 
4292 
4289 
4286 
4283 
4280 
4277 
4274 
4270 
4267 


50 
51 
62 
63 
54 
66 
66 
67 
58 
59 




1 
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TABLE IX. 99 


M. 

^0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


22 Degrees. 


23 Degrees. 


24 Degrees. 


25 Degrees. 


M. 

"o 

1 
2 
3 

4 
6 
6 
7 
8 
9 


Sine 


Tangent 


Ckwecant 


Sine 


Tangent 


Coeecant 

aiosf 

4078 
4076 
4072 
4069 
4066 
4063 
4060 
4057 
4055 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


9.6736 
6739 
5742 
6745 
6748 
6751 
6764 
6758 
5761 
6764 


9.6064 
6068 
6071 
6075 
6079 
6082 
6086 
6090 
6093 
6097 


0.4264 
4261 
4268 
4255 
4252 
4249 
4246 
4242 
4239 
4236 


9.5919 
5922 
6925 
6928 
6931 
6934 
5937 
6940 
6943 
5945 


9.6279 
6282 
6286 
6289 
6293 
6296 
6300 
6303 
6307 
6310 


9.6093 
6096 
6099 
6102 
6104 
6107 
6110 
6113 
6116 
6119 


9.6486 
6489 
6493 
6496 
6499 
6603 
6506 
6510 
6613 
6616 


0.3907 
3904 
3901 
3898 
3896 
3893 
3890 
3887 
3884 
3881 


9.6259 
6262 
6265 
6268 
6270 
6273 
6276 
6278 
6281 
6284 


9.6687 
6690 
6692 
6697 
6700 
6703 
6706 
6710 
6713 
6716 

9:6720 
6723 
6726 
6729 
6733 
6736 
6739 
6743 
6746 
6749 


0.3741 
3738 
3735 
8732 
3730 
3727 
3724 
3722 
3719 
3716 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


9.5767 
5770 
6773 
5776 
5779 
5782 
6785 
6789 
6792 
6795 


9.6100 
6104 
6108 
6111 
6115 
6118 
6122 
6126 
6129 
6133 

9.6136 
6140 
6144 
6147 
6151 
6154 
6158 
6162 
6165 
6169 


0.4233 
4230 
4227 
4224 
4221 
4218 
4215 
4211 
4208 
4205 


9.5948 
6951 
6954 
5967 
6960 
6963 
6966 
6969 
6972 
5975 

9.6978 
6981 
6984 
5987 
6990 
5992 
5995 
6998 
6001 
6004 


9.6314 
6317 
6321 
6324 
6328 
6331 
6334 
6338 
6341 
6345 


0.4051 
4049 
4046 
4043 
4040 
4037 
4034 
4031 
4028 
4025 


9.6121 
6124 
6127 
6130 
6133 
6135 
6138 
6141 
6144 
6147 


9.6620 
6523 
6627 
6530 
6533 
6537 
6540 
6543 
6547 
6560 


0.3879 
3876 
3873 
3870 
3867 
3866 
3862 
3869 
3866 
3863 


9.6286 
6289 
6292 
6295 
6297 
6300 
6303 
6306 
6808 
6311 


0.3714 
3711 
8708 
8705 
8703 
3700 
3697 
3695 
3692 
8689 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.5798 
6801 
6804 
6807 
6810 
5813 
6816 
6819 
6822 
6825 


0.4202 
4199 
4196 
4193 
4190 
4187 
4184 
4181 
4178 
4175 


9.6348 
6352 
6355 
6369 
6362 
6366 
6369 
6373 
6376 
6380 

9.6383 
6386 
6390 
6393 
6397 
6400 
6404 
6407 
6411 
6414 

9.6417 
6421 
6424 
6428 
6431 
6435 
6438 
6441 
6446 
6448 


0.4022 
4019 
4016 
4013 
4010 
4008 
4005 
4002 
3999 
3996 


9.6149 
6152 
6156 
6168 
6161 
6163 
6166 
6169 
6172 
6176 

9.6177 
6180 
6183 
6186 
6188 
6191 
6194 
6197 
6199 
6202 


9.6553 
6557 
6560 
6664 
6567 
6570 
6574 
6577 
6580 
6684 

9.6587 
6590 
6594 
6597 
6600 
6604 
6607 
6610 
6614 
6617 

9.6620 
6624 
6627 
6630 
6634 
6637 
6640 
6644 
6647 
6650 


0.8851 
3848 
3845 
8842 
3839 
3837 
8834 
3881 
8828 
8825 

0.3823 
3820 
3817 
8814 
3812 
8809 
3806 
3803 
3801 
8798 


9.6313 
6316 
6319 
6321 
6324 
6327 
6329 
6332 
6335 
6337 


9.6762 
6766 
6769 
6762 
6766 
6769 
6772 
6776 
6778 
6782 


0.3687 
3684 
3681 
3679 
8676 
3673 
3671 
8668 
8666 
3663 


9.6828 
5831 
5834 
6838 
6841 
6844 
6847 
5860 
6853 
6856 


9.6172 
6176 
6179 
6183 
6187 
6190 
6194 
6197 
6201 
6204 


0.4172 
4169 
4166 
.4162 
4159 
4156 
4163 
4160 
4147 
4144 

0.4141 
4138 
4135 
4132 
4129 
4126 
4123 
4120 
4117 
4114 


9.6007 
6010 
6013 
6010 
6019 
6022 
6024 
6027 
6030 
6033 

9.6036 
6039 
6042 
6046 
6047 
6050 
6053 
6066 
6069 
6062 


0.3993 
3990 
3987 
3984 
3981 
8978 
3976 
3973 
3970 
3967 


9.6340 
6342 
6346 
6348 
6850 
6353 
6366 
6358 
6361 
6364 


9.6785 
6788 
6791 
6796 
6798 
6801 
6804 
6808 
6811 
6814 


0.3660 
3668 
3655 
3652 
3650 
3647 
3644 
3642 
3639 
3636 

0.3634 
3631 
3629 
8626 
3623 
8621 
3618 
3616 
8613 
3610 


30 
31 
82 
33 
34 
36 
36 
87 
38 
89 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
51 
62 
53 
54 
55 
56 
57 
58 
69 


9.5859 
6862 
6866 
6868 
6871 
6874 
6877 
5880 
6883 
5886 


9.6208 
6211 
6215 
6219 
6222 
6226 
6229 
6233 
6236 
6240 


0.3964 
3961 
3968 
3955 
3963 
3950 
8947 
3944 
3941 
3938 


9.6206 
6208 
6210 
6213 
6216 
6219 
6221 
6224 
6227 
6230 

9.6232 
6235 
6238 
6240 
6243 
6246 
6249 
6251 
6254 
6257 


0.3796 
3792 
3790 
8787 
3784 
3781 
3779 
8776 
8773 
3770 


9.6866 
6369 
6371 
6374 
6377 
6879 
6382 
6386 
6387 
6390 

9.6392 
6395 
6398 
6400 
64(i3 
6405 
6408 
6411 
6413 
6416 


9.6817 
6821 
6824 
6827 
6830 
6834 
6837 
6840 
6843 
6846 


9.5889 
6892 
6896 
6898 
5901 
6904 
5907 
6910 
6913 
6916 


9.6243 
6247 
6260 
6254 
6257 
6261 
6264 
6268 
6271 
6276 


0.4111 
4108 
4106 
4102 
4099 
4096 
4093 
4090 
4087 
4084 


9.6066 
6068 
6070 
6073 
6076 
6079 
6082 
6085 
6087 
6090 


9.6462 
6455 
6459 
6462 
6465 
6469 
6472 
6476 
6479 
6482 


0.3935 
3932 
3930 
3927 
3924 
3921 
3918 
3916 
3913 
3910 


9.6664 
6667 
6660 
6664 
6667 
6670 
6674 
6677 
6680 
6683 


0.3768 
8766 
3762 
3760 
3757 
3764 
3761 
3749 
8746 
8743 


9.6860 
6863 
6866 
6869 
6863 
6866 
6869 
6872 
6876 
6879 


0.8608 
3605 
8602 
8600 
8697 
8696 
8592 
3589 
8687 
3684 


60 
51 
62 
63 
64 
56 
66 
67 
68 
59 
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100 TABLE IX. 

Logarithmic Sines, Tangents, and Cosecants. 


M. 


26 Degrees. 


27 Degrees. 


28 Degrees. 


29 Degrees. 


M. 


Sine 


Tangent 


Cosecant 


Sine 


1 
Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


^ine 


Tangent 


Cosecant 



1 
2 
8 
4 
5 
6 
7 
8 
9 


9,6418 
6421 
6424 
6426 
6429 
6431 
6434 
6437 
6439 
6442 


9.6882 
6885 
6888 
6891 
6896 
6898 
6901 
6904 
6907 
6911 


0.3682 
3579 
8676 
8674 
3671 
3669 
3566 
8668 
3561 
8558 


9.6670 
6673 
6575 
6578 
6580 
6588 
6686 
6588 
6590 
6593 


9.7072 

7075 
7078 
7081 
7084 
7087 
7090 
7093 
7097 
7100 


0.3430 
8427 
8426 
3422 
8420 
3417 
3415 
3412 
8410 
8407 


9.6716 
6718 
6721 
6728 
6726 
6728 
6730 
6733 
6786 
6737 


9.7267 
7260 
7263 
7266 
7269 
7272 
7275 
7278 
7281 
7284 

9.7287 
7290 
7293 
7296 
7299 
7302 
7806 
7308 
7311 
7314 


0.3284 
8282 
3279 
8277 
8274 
8272 
8270 
3267 
3266 
8268 


9.6856 
6858 
6860 
6863 
6865 
6867 
6869 
6872 
6874 
6876 


9.7438 
7441 
7443 
7446 
7449 
7462 
7455 
7458 
7461 
7464 


0.3144 
3142 
3140 
3187 
3135 
8133 
3181 
3128 
8126 
3124 



1 
2 
3 
4 
6 
6 
7 
8 
9 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


9.6444 
6447 
6449 
6462 
6465 
6467 
6460 
6462 
6465 
6467 


9.6914 
6917 
6920 
6928 
6927 
6980 
6933 
6936 
6989 
6942 


0.3666 
3558 
3551 
3548 
8645 
8543 
8540 
3638 
8536 
3533 


9.6596 
6698 
6600 
6608 
6606 
6607 
6610 
6612 
6616 
6617 


9.7108 
7106 
7109 
7112 
7115 
7118 
7121 
7125 
7128 
7131 


0.3406 
3402 
8400 
8397 
8395 
8393 
8390 
8388 
8386 
3383 


9.6740 
6742 
6744 
6747 
6749 
6752 
6764 
6766 
6769 
6761 


0.3260 
8268 
8266 
3253 
3261 
3248 
3246 
8244 
8241 
8289 


9.6878 
6881 
6888 
6885 
6887 
6890 
6892 
6894 
6896 
6899 


9.7467 

7470 
7473 
7476 
7479 
7482 
7486 
7488 
7491 
7494 


0.3122 
3119 
3117 
8115 
8113 
8110 
3108 
3106 
8104 
8101 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


9.6470 
6472 
6475 
6477 
6480 
6483 
6486 
6488 
6490 
6493 


9.6946 
6949 
6962 
6966 
6968 
6962 
6966 
6968 
6971 
6974 


0.8680 
3528 
3525 
8628 
8520 
8617 
3615 
3612 
3610 
8507 


9.6620 
6622 
6626 
6627 
6629 
6682 
6634 
6687 
6639 
6642 


9.7134 
7187 
7140 
7148 
7146 
7149 
7152 
7166 
7169 
7162 


0.3380 
8378 
3375 
3373 
3371 
3368 
3866 
3863 
3361 
3368 

0.3356 
3354 
8351 
3349 
3346 
8344 
8341 
3338 
3337 
3334 


9.6763 
6766 
6768 
6770 
6778 
6776 
6777 
6780 
6782 
6784 


9.7817 
7820 
7824 
7327 
7330 
7333 
7336 
7339 
7342 
7346 


0.3237 
8284 
8282 
8230 
3227 
8225 
3228 
8220 
8218 
3216 


9.6901 
6903 
6905 
6908 
6910 
6912 
6914 
6917 
6919 
6921 


9.7497 
7600 
7603 
7606 
7609 
7612 
7615 
7518 
7521 
7523 


0.8099 
8097 
3096 
3092 
3090 
3088 
3086 
3083 
3081 
3079 


30 
SI 
82 
33 
34 
S5 
86 
37 
38 
89 


9,6495 
6498 
6600 
6603 
6605 
6508 
6510 
6613 
6616 
6518 


9.6977 
6981 
6984 
6987 
6990 
6993 
6996 
6999 
7003 
7006 


0.3505 
3502 
8500 
8497 
8495 
3492 

. 3490 
3487 
3485 
3482 


9.6644 
6646 
6649 
6661 
6664 
6656 
6659 
6661 
6663 
6666 


9.7166 
7168 
7171 
7174 
7177 
7180 
7183 
7186 
7189 
7192 


9.6787 
6789 
6791 
6794 
6796 
6798 
6801 
6803 
6805 
6808 


9.7348 
7351 
7864 
7867 
7360 
7868 
7366 
7369 
7872 
7876 


0.8213 
3211 
8209 
3206 
3204 
3202 
8199 
8197 
8196 
3192 


9.6928 
6926 
6928 
6930 
6932 
6936 
6937 
6939 
6941 
6943 


9.7526 
7529 
7632 
7536 
7638 
7541 
7544 
7647 
7660 
7553 


0.3077 
3074 
8072 
3070 
3068 
3065 
3068 
8061 
3069 
3067 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 

43 
44 
46 
46 

47 
48 
49 


9.6621 
6523 
6526 
6628 
6631 
6533 
6536 
6538 
6641 
6543 


9.7009 
7012 
7015 
7018 
7022 
7025 
7028 
7031 
7034 
7037 


0.8479 
8477 
8474 
3472 
3469 
3467 
3464 
3462 
8469 
3457 


9.6668 
6671 
6673 
6676 
6678 
6680 
6683 
6686 
6687 
6690 


9.7196 
7199 
7202 
7206 
7208 
7211 
7214 
7217 
7220 
7223 

9.7226 
7229 
7232 
7236 
7238 
7241 
7245 
7248 
7261 
7264 


0.3332 
3329 
3327 
8326 
8822 
8320 
8317 
3315 
3313 
3810 


9.6810 
6812 
6814 
6817 
6819 
6821 
6824 
6826 
6828 
6831 


9.7878 
7381 
7384 
7387 
7390 
7393 
7396 
7399 
7402 
7405 


0.8190 
8188 
3186 
3183 
8181 
8179 
8176 
3174 
3172 
8169 


9.6946 
6948 
6950 
6962 
6955 
6967 
6959 
6961 
6968 
6966 


9.7556 
7569 
7662 
7566 
7568 
7671 
7673 
7676 
7579 
7682 


0.3054 
8062 
3060 
8048 
8045 
3043 
8041 
3039 
3087 
3034 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
58 
54 
55 
56 
57 
68 
59 


9.6546 
6548 
6561 
6563 
6566 
6658 
6561 
6563 
6666 
6568 


9.7040 
7044 
7047 
7060 
7063 
7066 
7069 
7062 
7065 
7069 


0.3464 
3462 
8449 
8447 
3444 
8442 
3439 
3437 
3434 
3432 


9.6692 
6696 
0697 
6699 
6702 
6704 
6707 
6709 
6711 
6714 


0.3308 
8305 
3303 
3801 
3298 
3296 
8293 
3291 
3289 
3286 


9.6833 
6836 
6887 
6840 
6842 
6844 
6847 
6849 
6861 
6858 


9.7408 
7411 
7414 
7417 
7420 
7423 
7426 
7429 
7432 
7486 


0.3167 
8166 
3163 
8160 
8168 
3166 
3163 
3161 
3149 
3147 


9.6968 
6970 
6972 
6974 
6977 
6979 
6981 
6983 
6986 
6988 


9.7586 
7588 
7591 
7594 
7597 
7600 
7603 
7606 
7609 
7611 


0.3082 
8030 
3028 
3026 
3023 
8021 
3019 
3017 
3016 
8012 


50 
51 
52 
53 
64 
55 
66 
67 
58 
59 
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TABLE IX. 101 

Logarithmic Sines, Tangents, and Cosecants. 


M. 


30 Degrees. 1 


81 Degrees. 


32 Degrees. 


38 Degrees. 


M. 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 


9.6990 
6992 
6994 
6996 
6998 
7001 
7003 
7005 
7007 
7000 


9.7614 
7617 
7620 
7623 
7626 
7629 
7632 
7636 
7638 
7641 


0.3010 
3008 
3006 
3004 
3002 
2999 
2997 
2996 
2993 
2991 


9.7118 
7121 
7128 
7126 
7127 
7129 
7131 
7133 
7136 
7137 


9.7788 
7791 
7793 
7796 
7799 
7802 
7806 
7808 
7811 
7813 


0.2882 
2879 
2877 
2876 
2873 
2871 
2869 
2867 
2865 
2863 


9.7242 
7244 
7246 
7248 
7250 
7252 
7264 
7266 
7268 
7260 


9.7958 
7961 
7964 
7966 
7969 
7972 
7976 
7978 
7980 
7983 


0.2768 
2766 
2764 
2762 
2760 
2748 
2746 
2744 
2742 
2740 


9.7361 
7363 
7365 
7367 
7369 
7371 
7373 
7376 
7877 
7379 


9.8126 
8128 
8131 
8133 
8136 
8139 
8142 
8146 
8147 
8160 


0.2639 
2637 
2636 
2683 
2631 
2629 
2627 
2626 
2623 
2621 



1 
2 
8 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


9.7012 
7014 
7016 
7018 
7020 
7022 
7025 
7027 
7029 
7031 


9.7644 
7646 
7649 
7652 
7666 
7658 
7661 
7664 
7667 
7670 


0.2988 
2986 
2984 
2982 
2980 
2978 
2976 
2973 
2971 
2969 


9.7139 
7141 
7144 
7146 
7148 
7160 
7162 
7164 
7166 
7168 


9.7816 
7819 
7822 
7826 
7828 
7831 
7833 
7836 
7839 
7842 


0.2861 
2869 
2866 
2856 

2862 
2860 
2848 
2846 
2844 
2842 


9.7262 
7264 
7266 

7268 
7270 
7272 
7274 
7276 
7278 
7280 


0.7986 
7989 
7992 
7994 
7997 
8000 
8003 
8006 
8008 
8011 


0.2738 
2736 
2734 
2732 
2730 
2728 
2726 
2724 
2722 
2720 


9.7380 
7382 
7384 
7386 
7388 
7390 
7392 
7394 
7396 
7398 


9.8153 
8166 
8168 
8161 
8164 
8167 
8169 
8172 
8176 
8178 


0.2620 
2618 
2616 
2614 
2612 
2610 
2608 
2006 
2604 
2602 


20 
'21 
22 
23 
24 
26 
26 
27 
28 
29 


9.7033 
7035 
7037 
7040 
7042 
7044 
7046 
7048 
7060 
7063 


9.7673 
7676 
7678 
7681 
7684 
7687 
7690 
7693 
7696 
7699 


0.2967 
2966 
2963 
2960 
2968 
2966 
2954 
2962 
2960 
2947 


9.7160 
7162 
7164 
7166 
7168 
7171 
7173 
7175 
7177 
7179 


9.7845 
7848 
7850 
7853 
7856 
7859 
7862 
7866 
7868 
7870 


0.2840 
2838 
2836 
2834 
2832 
2829 
2827 
2825 
2823 
2821 


9.7282 

7284 
7286 
7288 
7290 
7292 
7294 
7296 
7298 
7300 


9.8014 
8017 
8020 
8022 
8025 
8028 
8031 
8034 
8036 
8039 


0.2718 
2716 
2714 
2712 
2710 
2708 
2706 
2704 
2702 
2700 


9.7400 
7402 
7404 
7406 
7407 
7409 
7411 
7413 
7415 
7417 


9.8180 
8183 
8186 
8189 
8191 
8194 
8197 
8200 
8202 
8205 


0.2600 
2698 
2696 
2594 
2693 
2691 
2689 
2587 
2685 
2683 


20 
21 
22 
28 

24 
26 
26 

27 
28 
29 


30 
31 
32 
33 
34 
85 
36 
37 
38 
39 


9.7055 
7067 
7059 
7061 
7063 
7066 
7068 
7070 
7072 
7074 


9.7701 
7704 
7707 
7710 
7713 
7716 
7719 
7722 
7725 
7727 


0.2946 
2943 
2941 
2939 
2937 
2935 
2932 
2930 
2928 
2926 


9.7181 
7183 
7185 
7187 
7189 
7191 
7193 
7195 
7197 
7199 


9.7873 
7876 
7879 
7882 
7886 
7887 
7890 
7893 
7896 
7899 


0.2819 
2817 
2815 
2813 
2811 
2809 
2807 
2805 
2803 
2801 


9.7302 
7304 
7306 
7308 
7310 
7312 
7314 
7316 
7318 
7320 


9.8042 
8045 
8047 
8050 
8063 
8066 
8069 
8061 
8064 
8067 


0.2698 
2696 
2694 
2692 
2690 
2688 
2686 
2684 
2682 
2680 


9.7419 
7421 
7423 
7426 
7427 
7428 
7430 
7432 
7434 

. 7436 


9.8208 
8211 
8213 
8216 
8219 
8222 
8224 
8227 
8230 
8233 


0.2581 
2679 
2677 
2576 
2573 
2672 
2570 
2568 
2666 
2664 


.30 
81 
32 
33 
84 
35 
36 
37 
88 
89 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.7076 
7078 
7080 
7082 
7086 
7087 
7089 
7091 
7093 
7095 


9.7730 
7733 

7736 
7739 
7742 
7745 
7748 
7750 
7753 
7756 


0.2924 
2922 
2920 
2918 
2915 
2913 
2911 
2909 
2907 
2906 


9.7201 
7203 
7206 
7208 
7210 
7212 
7214 
7216 
7218 
7220 


9.7902 
7904 
7907 
7910 
7913 
7916 
7918 
7921 
7924 
7927 


0.2799 
2797 
2795 
2792 

2790 

2788 
2786 
2784 
2782 
2780 


9.7322 
7324 
7326 
7328 
7330 
7332 
7334 
7336 
7338 
7340 


9.8070 
8072 
8076 
8078 
8081 
8084 
8086 
8089 
8092 
8095 


0.2678 
2676 
2674 
2672 
2670 
2668 
2666 
2664 
2662 
2660 


9.7488 
7440 
7442 
7444 
7446 
7447 
7449 
7461 
7463 
7466 


9.8235 
8238 
8241 
8243 
8246 
8249 
8252 
8264 
8257 
8260 


0.2662 
2660 
2568 
2556 
2564 
2553 
2551 
2549 
2547 
2545 


40 
41 
42 
48 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


9.7097 
7099 
7102 
7104 
7106 
7108 
7110 
7112 
7114 
7116 


9.7769 
7762 
7765 

7768 
7771 
7773 
7776 
7779 
7782 
7785 


0.2903 
2901 
2898 
2896 
2894 
2892 
2890 
2888 
2886 
2884 


9.7222 
7224 
7226 
7228 
7230 
7282 
7234 
7236 
7238 
7240 


9.7930 
7933 
7936 
7938 
7941 
7944 
7947 
7949 
7962 
7955 


0.2778 
2776 
2774 
2772 
2770 
2768 
2766 
2764 
2762 
2760 


9.7342 
7844 
7346 
7347 
7349 
7351 
7853 
7356 
7357 
7359 


9.8097 
8100 
8103 
8106 
8109 
8111 
8114 
8117 
8120 
8122 


0.2658 
2656 
2665 
2663 
2661 
2649 
2647 
2646 
2643 
2641 


9.7467 
7469 
7461 
7462 
7464 
7466 
7468 
7470 
7472 
7474 


9.8263 
8266 
8268 
8271 
8274 
8276 
8279 
8282 
8284 
8287 


0.2543 
2641 
2639 
2588 
2636 
2684 
2532 
2530 
2528 
2526 


60 
61 
62 
6S 
54 
56 
56 
67 
68 
59 
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102 TABLE IX. 

Logarithmic SineB, Tangents, and Cosecants. 


M. 

~0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


34 Degrees. 


a6 Degrees. 


36 Degrees. 


37 Degrees. 


H. 


Sine 


Tangent 


Coeecsnt 


Sine 


Tangent 


Coaecant 


Sine 


Thngent 


Coaecant 


Sine 


Tangent 


CkMccant 


9.7476 
7477 
7479 
7481 
7483 
7485 
7487 
7489 
7491 
7492 


9.8290 
8293 
8295 
8298 
8301 
8303 
8306 
8309 
8312 
8314 


0.2624 
2523 
2621 
2619 
2617 
2615 
2513 
2611 
2509 
2508 


9.7686 
7688 
7690 
7591 
7693 
7595 
7697 
7699 
7600 
7602 


9.8452 
8455 
8468 
8460 
8463 
8466 
8468 
8471 
8474 
8476 


0.2414 
2412 
2410 
2409 
2407 
2406 
2403 
2401 
2400 
2398 


9.7692 
7694 
7696 
7697 
7699 
7701 
7703 
7704 
7706 
7708 


9.8613 
8615 
8618 
8621 
8623 
8626 
8629 
8631 
8634 
8637 


0.2308 
2306 
2304 
2303 
2301 
2299 
2297 
2296 
2294 
2292 


9.7795 
7796 

7798 
7800 
7801 
7803 
7805 
7806 
7808 
7810 


9.8771 

8774 
8776 
8779 
8782 
8784 
8787 
8790 
8792 
8795 


0.2206 
2204 
2202 
2200 
2199 
2197 
2195 
2194 
2192 
2190 



1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


9.7494 
7496 
7498 
7600 
7602 
7504 
7505 
7507 
7609 
7611 


9.8317 
8320 
8323 
8326 
8328 
8331 
8333 
8336 
8339 
8342 


0.2506 
2604 
2602 
2600 
2498 
2496 
2495 
2493 
2491 
2489 


9.7604 
7606 
7607 
7609 
7611 
7613 
7615 
76 J 6 
7618 
7620 

9.7622 
7624 
7625 
7627 
7629 
7631 
7632 
7634 
7636 
7638 


9.8479 
8482 
8484 
8487 
8490 
8493 
8496 
8498 
8501 
8503 


0.2396 
2394 
2393 
2391 
2389 
2387 
2385 
2384 
2382 
2380 


9.7710 
7711 
7713 
7716 
7716 
7718 
7720 
7722 
7723 
7725 


9.8639 
8642 
8644 
8647 
8660 
8652 
8655 
8658 
8660 
8663 


0.2290 
2289 
2287 
2286 
2284 
2282 
2280 
2278 
2277 
2275 


9.7811 
7813 
7815 
7816 
7818 
7820 
7821 
7823 
7825 
7826 


9.8797 
8800 
8803 
8805 
8808 
8810 
8813 
8816 
8818 
8821 


0.2189 
2187 
2185 
2184 
2182 
2180 
2179 
2177 
2175 
2174 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.7513 
7616 
7617 
7618 
7520 
7622 
7624 
7626 
7628 
7529 


9.8344 
8347 
8350 
8352 
8355 
8358 
8361 
8303 
8366 
8369 


0.2487 
2486 
2483 
2482 
2480 
2478 
2476 
2474 
2472 
2471 


9.8506 
8509 
8511 
8514 
8517 
8519 
8522 
8525 
8527 
8530 


0.2378 
2376 
2375 
2373 
2371 
2369 
2308 
2366 
2304 
2362 


9.7727 
7728 
7730 
7732 
7734 
7735 
7737 
7739 
7740 
7742 


9.8666 
8668 
8671 
8674 
8676 
8679 
8682 
8684 

' 8687 
8689 


0.2273 
2272 
2270 
2268 
2266 
2265 
2263 
2261 
2260 
2258 


9.7828 
7830 
7831 
7833 
7836 
7836 
7838 
7840 
7841 
7843 


9.8824 
8826 
8829 
8831 
8834 
8837 
8839 
8842 
8845 
8847 


0.2172 
2170 
2169 
2167 
2165 
2164 
2162 
2160 
2159 
2157 


9.7631 
7633 
7535 
7537 
7639 
7540 
7542 
7644 
7546 
7648 


9.8371 
8374 
8377 
8379 
8382 
8386 
8388 
8390 
8393 
8396 


0.2469 
2467 
2466 
2463 
2461 
2460 
2468 
2456 
2454 
2452 


9.7640 
7641 
7643 
7645 
7647 
7648 
7650 
7662 
7654 
7655 


9.8533 
8536 
8638 
8641 
8643 
8646 
8649 
8661 
8664 
8567 


0.2360 
2369 
2357 
2365 
2363 
2352 
2350 
2348 
2346 
2345 


9.7744 
7746 
7747 
7749 
7761 
7752 
7764 
7766 
7758 
7759 


9.8692 
8695 
8697 
8700 
8703 
8705 
8708 
8711 
8713 
8716 


0.2266 
2264 
2263 
2251 
2249 
2248 
2246 
2244 
2242 
2241 


9.7844 
7846 
7848 
7849 
7861 
7863 
7854 
7866 
7858 
7859 


9.8850 

8852 
8855 
8868 
8860 
8863 
8865 
8868 
8871 
8873 


0.2156 
2154 
2162 
2151 
2149 
2147 
2146 
2144 
2142 
2140 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
53 
54 
56 
66 
67 
68 
59 


9.7560 
7561 
7653 
7665 
7567 
7669 
7661 
7662 
7564 
7566 


9.8398 
8401 
8404 
8406 
8409 
8412 
8416 
8417 
8420 
8423 


0.2450 
2449 
2447 
2445 
2443 
2441 
2439 
2438 
2436 
2434 

0.2432 
2430 
2429 
2427 
2425 
2423 
2421 
2419 
2418 
2416 


9.7667 
7659 
7661 
7662 
7664 
7666 
7668 
7669 
7671 
7673 

9.7675 
7676 
7678 
7680 
7682 
7683 
7686 
7687 
7689 
7690 


9.8669 
8662 
8566 
8567 
8570 
8573 
8576 
8678 
8681 
8683 


0.2343 
2341 
2339 
2338 
2336 
2334 
2332 
2331 
2329 
2327 


9.7761 
7763 
7764 
7766 

7768 
7769 
7771 
7773 
7774 
7776 


9.8718 
8721 
8724 
8726 
8729 
8732 
8734 
8737 
8740 
8742 


0.2239 
2237 
2236 
2234 
2232 
2231 
2229 
2227 
2226 
2224 


9.7861 
7863 
7864 
7806 
7867 
7869 
7871 
7872 
7874 
7876 


9.8876 
8879 
8881 
8884 
8886 
8889 
8892 
8894 
8897 
8899 


0.2139 
2137 
2136 
2134 
2133 
2131 
2129 
2128 
2126 
2124 


40 
4] 
42 
43 
44 
45 
46 
47 
48 
49 


9.7568 
7670 
7671 
7673 
7575 
7577 
7579 
7681 
7582 
7584 


9.8425 
8428 
8431 
8433 
8436 
8439 
8442 
8444 
8447 
8450 


9.8586 
8589 
8691 
8694 
8597 
8699 
8602 
8605 
8607 
8610 


0.2326 
2324 
2322 
2320 
2318 
2317 
2316 
2313 
2311 
2310 


9.7778 
7780 
7781 
7783 
7786 
7786 
7788 
7790 
7791 
7793 


9.8746 
8747 
8750 
8753 
8766 
8768 
8761 
8763 
8766 
8769 


0.2222 
2220 
2219 
2217 
2215 
2214 
2212 
2210 
2209 
2207 


9.7877 
7879 
7880 
7882 
7884 
7885 
7887 
7889 
7890 
7892 


9.8902 
8905 
8907 
8910 
8912 
8915 
8918 
8920 
8923 
8925 


0.2123 
2121 
2120 
2118 
2116 
2115 
2113 
2111 
2110 
2108 


50 
61 
52 
53 
54 
66 
56 
57 
58 
59 


^^ 
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Logarithmio Sines, Tangents, and Coaecanta. 








M. 


38 Degroes. 


39 Degrees. 


40 Degrees. 


41 Degrees. 


M. 
~0 


Siue 


Tangent 


Cosecant 


Sine 
9.7989 


Tangent 


Cosecant 
0.2011 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 




9. 7893 


9.8928 


0.2107 


9.9084 


9.8081 


9.9238 


0.1919 


9.8169 


9.9892 


0.1831 


1 


7895 


8931 


2105 


7990 


9086 


2010 


8082 


9241 


1918 


8171 


9894 


1829 


1 


2 


7897 


8933 


2103 


7992 


9089 


2008 


8084 


9243 


1916 


8172 


9397 


1828 


2 


3 


7898 


8936 


2102 


7993 


9091 


2007 


8086 


9246 


1915 


8174 


9399 


1826 


3 


4 


7900 


8939 


2100 


7995 


9094 


2005 


8087 


9248 


1913 


8175 


9402 


1825 


4 


5 


7901 


8941 


2099 


7997 


9097 


2003 


8088 


9251 


1912 


8177 


9404 


1823 


6 


6 


7903 


8944 


2097 


7998 


9009 


2002 


8090 


9254 


1910 


8178 


9407 


1822 


6 


7 


7905 


8946 


2095 


8000 


9102 


2000 


8091 


9266 


1909 


8180 


9400 


1820 


7 


8 


7906 


8949 


2094 


8001 


9104 


1999 


8093 


9259 


1907 


8181 


9412 


1819 


8 


9 
10 


7908 


8952 


2092 


.8003 


9107 


1997 


8094 


9261 


1906 


8182 


9416 


1818 


9 
10 


9.7910 


9.8964 


0.2090 


9.8004 


9.9110 


0.1996 


9.8096 


9.9264 


0.1904 


9.8184 


9.9417 


0.1816 


U 


7911 


8957 


2089 


8006 


9112 


1994 


8097 


9266 


1903 


8186 


9420 


1816 


11 


12 


7913 


8959 


2087 


8007 


9115 


1993 


8099 


9269 


1901 


8187 


9422 


1813 


12 


13 


7914 


8962 


2086 


8009 


9117 


1991 


8100 


9271 


1900 


8188 


9425 


1812 


13 


14 


7916 


8965 


2084 


8010 


9120 


1990 


8102 


9274 


1898 


8190 


9427 


1810 


14 


16 


7918 


8967 


2082 


8012 


9122 


1988 


8103 


9277 


1897 


8191 


9430 


1809 


16 


16 


7919 


8970 


2081 


8014 


9126 


1986 


8106 


9279 


1895 


8193 


9432 


1807 


16 


17 


7921 


8972 


2079 


8015 


9128 


1985 


8106 


9282 


1894 


8194 


9436 


1806 


17 


18 


7922 


8976 


2078 


8017 


9130 


1983 


8108 


9284 


1892 


8195 


9438 


1805 


18 


19 


7924 


8978 


2076 


8018 


9133 


1982 


8109 


9287 


1891 


8197 


9440 


1803 


19 


20 


9.7926 


9.8980 


0.2074 


9.8020 


9.9136 


0.1980 


9.8111 


9.9289 


0.1889 


9.8198 


9.9443 


0.1802 


20 


21 


7927 


8983 


2073 


8021 


9138 


1979 


8112 


9292 


1888 


8200 


9445 


1800 


21 


22 


7929 


8985 


2071 


8023 


9140 


1977 


8114 


9296 


1886 


8201 


9448 


1799 


22 


23 


7930 


8988 


2070 


8024 


9143 


1976 


8115 


9297 


1885 


8203 


9450 


1797 


23 


24 


7932 


8990 


2068 


8026 


9146 


1974 


8117 


9300 


1883 


8204 


9463 


1796 


24 


25 


7934 


8993 


2066 


8027 


9148 


1973 


8118 


9302 


1882 


8206 


9456 


1794 


25 


26 


7936 


8996 


2065 


8029 


9161 


1971 


8120 


9305 


1880 


8207 


9468 


1793 


26 


27 


7937 


8998 


2063 


8031 


9163 


1969 


8121 


9307 


1879 


8208 


9460 


1792 


27 


28 


7938 


9001 


2062 


8032 


9156 


1968 


8122 


9310 


1878 


8210 


9463 


1790 


28 


29 
30 


7940 


9003 


2060 


8034 


9158 


1966 


8124 


9312 


1876 


8211 


9466 
9.9468 


1789 


29 


9.7942 


9.9006 


0.2058 


9.8036 


9.9161 


0.1965 


9.8125 


9.9315 


0.1875 


9.8213 


0.1787 


30 


31 


7943 


9009 


2057 


8037 


9164 


1963 


8127 


9318 


1873 


8214 


9471 


1786 


31 


32 


7945 


9011 


2065 


8038 


9166 


1962 


8128 


9320 


1872 


8216 


9473 


1784 


32 


33 


7946 


9014 


2054 


8040 


9169 


1960 


8130 


9323 


1870 


8217 


9476 


1783 


33 


34 


7948 


9016 


2062 


8041 


9171 


1969 


8131 


9326 


1869 


8218 


9478 


1782 


34 


35 


7949 


9019 


2061 


8043 


9174 


1967 


8133 


9328 


1867 


8220 


9481 


1780 


35 


36 


7951 


9022 


2049 


8044 


9176 


1956 


8134 


9330 


1866 


8221 


9483 


1779 


36 


37 


7953 


9024 


2047 


8046 


9179 


1954 


8136 


9333 


1864 


8223 


9486 


1777 


37 


38 


7964 


9027 


2046 


8047 


9182 


1963 


8137 


9335 


1863 


8224 


9488 


1776 


38 


39 


7966 


9029 


2044 


8049 


9184 


1961 


8139 

9:8i4or 


9338 


1861 
0.1860 


8225 


9491 


1776 


39 
40 


40 


9.7957 


9.9032 


0.2043 


9.8050 


9.9187 


0.1960 


9.9341 


9.8227 


9.9494 


0.1773 


41 


7969 


9036 


2041 


8062 


9189 


1948 


8142 


9343 


1868 


8228 


9496 


1772 


41 


42 


7960 


9037 


2040 


8063 


9192 


1947 


8143 


9346 


1857 


8230 


9499 


1770 


42 


43 


7962 


9040 


2038 


8055 


9194 


1946 


8146 


9848 


1866 


8231 


9601 


1769 


43 


44 


7964 


9042 


2036 


8066 


9197 


1944 


8146 


9351 


1864 


8233 


9504 


1767 


44 


45 


7966 


9045 


2035 


8068 


9200 


1942 


8148 


9353 


1852 


8234 


9506 


1766 


46 


46 


7967 


9048 


2033 


8060 


9202 


1940 


8149 


9366 


1851 


8235 


9509 


1765 


46 


47 


7968 


9050 


2032 


8061 


9205 


1939 


8150 


9358 


1860 


8237 


9611 


1763 


47 


48 


7970 


9063 


2030 


8063 


9207 


1937 


8152 


9361 


1848 


8238 


9614 


1762 


48 


49 


7972 


9055 
9.9058 


2028 


8064 


9210 


1936 


8163 


9864 


1847 


8240 


9516 


1760 


49 
50 


50 


9.7973 


0.2027 


9.8066 


9.9212 


0.1934 


9.8155 


9.9366 


0.1846 


9.8241 


9.9519 


0.1769 


51 


7976 


9060 


2026 


8067 


9216 


1933 


8156 


9369 


1844 


8242 


9522 


1768 


61 


52 


7976 


9063 


2024 


8069 


9218 


1981 


8168 


9371 


1842 


8244 


9524 


1756 


62 


53 


7978 


9066 


2022 


8070 


9220 


1930 


8159 


9374 


1841 


8245 


9527 


1766 


53 


54 


7979 


9068 


2021 


8072 


9223 


1928 


8161 


9376 


1839 


8247 


9529 


1763 


64 


55 


7981 


9071 


2019 


8073 


9225 


1927 


8162 


9379 


1838 


8248 


9632 


1752 


56 


56 


7982 


9073 


2018 


8076 


9228 


1925 


8164 


9381 


1836 


8249 


9634 


1761 


66 


57 


7984 


9076 


2016 


8076 


9230 


1924 


8165 


9384 


1835 


8261 


9637 


1749 


57 


58 


7986 


9079 


2014 


8078 


9233 


1922 


8167 


9387 


1833 


8262 


9639 


1748 


58 


59 


7987 


9081 


2013 


8079 


9286 


1921 


8168 


9389 


1882 


8^54 


9642 


1746 


60 
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FABLE IX. 




















Logarithmio Sines, Tangents, and Cosecants. 








M. 




42 Degrees. 


43 Deg^rees. 


44 Degrees. 


45 Degrees. 


M. 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


CoMcant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Coeecant 


9.8255 


9.9544 


0.1746 


9.8338 


9.9697 


0.1662 


9.8418 


9.9848 


0.1682 


9.8496 


0.0000 


0.1605 


"li 


1 


8257 


9547 


1743 


8339 


9699 


1661 


8419 


9851 


1681 


8496 


0002 


1504 


1 


2 


8258 


9549 


1742 


8341 


9702 


1659 


8420 


9853 


1680 


8497 


0006 


1503 


2 


3 


8259 


9662 


1741 


8342 


9704 


1668 


8422 


9856 


1578 


8499 


0008 


1501 


3 


4 


8261 


9565 


1739 


8343 


9707 


1667 


8423 


9858 


1677 


8600 


0010 


1500 


4 


5 


8262 


9557 


1738 


8345 


9709 


1665 


8424 


9861 


1576 


8601 


0013 


1499 


6 


6 


8264 


9560 


1736 


8346 


9712 


1654 


8426 


9864 


1574 


8502 


0015 


1498 


6 


7 


8265 


9562 


1736 


8347 


9714 


1663 


8427 


9866 


1573 


8504 


0018 


1496 


7 


8 


8266 


9565 


1734 


8349 


9717 


1651 


8428 


9869 


1672 


8505 


0020 


1495 


8 


9 


8268 


9567 


1732 


8360 


9719 


1650 


8429 


9871 


1571 


8506 


0023 


1494 


9 
10 


10 


9.8269 


9.9570 


0.1731 


9.8351 


9.9722 


0.1649 


9.8431 


9.9874 


0.1569 


9.8507 


0.0025 


0.1493 


11 


8270 


9572 


1730 


8353 


9724 


1647 


8432 


9876 


1568 


8509 


0028 


1491 


11 


12 


8272 


9676 


1728 


8354 


9727 


1646 


8433 


9879 


1567 


8610 


0030 


1490 


12 


18 


8273 


9577 


1727 


8356 


9729 


1646 


8435 


9881 


1566 


8611 


0033 


1489 


13 


14 


8275 


9580 


1725 


8367 


9732 


1643 


8436 


9884 


1564 


8512 


0036 


1488 


14 


15 


8276 


9682 


1724 


8368 


9735 


1642 


8437 


9886 


1563 


8514 


0038 


1486 


16 


16 


8277 


9686 


1723 


8359 


9737 


1641 


8439 


9889 


1561 


8515 


0040 


1485 


16 


17 


8279 


9688 


1721 


8361 


9740 


1639 


8440 


9891 


1560 


8516 


0043 


1484 


17 


18 


8280 


9690 


1720 


8362 


9742 


1638 


8441 


9894 


1559 


8517 


0045 


1483 


18 


19 
20 


8282 


9693 


1718 


8363 


9746 


1637 


844a 


9896 


1658 


8619 


0048 


1481 


19 
2^ 


9.8283 


9.9696 


0.1717 


9.8366 


9.9747 


0.1635 


9.8444 


9.9899 


0.1556 


9.8620 


0.0061 


0.1480 


21 


8284 


9598 


1716 


8366 


9750 


1634 


8445 


9901 


1656 


8521 


0053 


1479 


21 


22 


8286 


9600 


1714 


8367 


9762 


1633 


8446 


9904 


1554 


8522 


0056 


1478 


22 


23 


8287 


9603 


1713 


8369 


9756 


1631 


8448 


9907 


1562 


8524 


0058 


1476 


23 


24 


8289 


9605 


1711 


8370 


9757 


1630 


8449 


9909 


1551 


8525 


0061 


1475 


24 


26 


8290 


9608 


1710 


8371 


9760 


1629 


8460 


9912 


1650 


8626 


0063 


1474 


25 


26 


8291 


9610 


1709 


8373 


9762 


1627 


8451 


9914 


1549 


8527 


0066 


1473 


26 


27 


8293 


9613 


1707 


8374 


9766 


1626 


8453 


9917 


1547 


8529 


0068 


1471 


27 


28 


8294 


9615 


1706 


8376 


9767 


1626 


8464 


9919 


1546 


8530 


0071 


1470 


28 


29 


8295 


9618 


1705 


8377 


9770 


1623 


8455 


9922 


1545 


8531 


0073 


1469 


29 


30 


9.8297 


9.9621 


0.1703 


9.8378 


9.9773 


0.1622 


9.8457 


9.9924 


0.1543 


9.8532 


0.0076 


0.1468 


30 


31 


8298 


9623 


1702 


8379 


9775 


1621 


8458 


9927 


1642 


8634 


0078 


1466 


31 


32 


8300 


9626 


1700 


8381 


9778 


1619 


8459 


9929 


1541 


8536 


0081 


1465 


32 


33 


8301 


9628 


1699 


8382 


9780 


1618 


8460 


9932 


1640 


8536 


0083 


1464 


33 


34 


8302 


9631 


1698 


8383 


9783 


1617 


8462 


9934 


1638 


8587 


0086 


1463 


34 


35 


8304 


9633 


1696 


8385 


9786 


1615 


8463 


9937 


1637 


8539 


0088 


1461 


35 


36 


8306 


9636 


1696 


8386 


9788 


1614 


8464 


9939 


1636 


8640 


0091 


1460 


36 


37 


8306 


9638 


1694 


8387 


9790 


1613 


8466 


9942 


1534 


8541 


0093 


1459 


37 


38 


8308 


9641 


1692 


8389 


9793 


1611 


8467 


9944 


1533 


8542 


0096 


1468 


38 


39 


8309 


9643 


1691 


8390 


9795 


1610 
0.1609 


8468 


9947 


1532 


8644 


0099 


1466 


39 


40 


9.8311 


9.9646 


0.1689 


9.8391 


9.9798 


9.8469 


9.9949 


0.1531 


9.8545 


0.0101 


0.1455 


40 


41 


8312 


9648 


1688 


8393 


9800 


1607 


8471 


9952 


1529 


8546 


0104 


1464 


41 


42 


8313 


9651 


1687 


'.8394 


9803 


1606 


8472 


9956 


1528 


8647 


0106 


1453 


42 


43 


8316 


9653 


1685 


8395 


9805 


1605 


8473 


9957 


1627 


8549 


0109 


1461 


43 


44 


8316 


9666 


1684 


8397 


9808 


1603 


8476 


9960 


1625 


8650 


0111 


1450 


44 


45 


8317 


9669 


1683 


8398 


9810 


1602 


8476 


9962 


1524 


8651 


0114 


1449 


45 


46 


8319 


9661 


1681 


8399 


9813 


1601 


8477 


9965 


1523 


8552 


0116 


1448 


46 


47 


8320 


9664 


1680 


8401 


9816 


1699 


8478 


9967 


1622 


8653 


0119 


1447 


47 


48 


8322 


9666 


1678 


8402 


9818 


1598 


8480 


9970 


1620 


8656 


0121 


1445 


48 


49 


8323 


9oo9 


1677 


8403 


9821 


1697 


8481 


9972 


1519 


8556 


0124 


1444 


49 


50 


9.8324 


9.9671 


0.1676 


9.8406 


9.9823 


0.1595 


9.8482 


9.9976 


0.1518 


9.8567 


0.0126 


0.1443 


50 


51 


8326 


9674 


1674 


8406 


9826 


1694 


8483 


9977 


1517 


8558 


0129 


1442 


51 


52 


8327 


9676 


1673 


8407 


9828 


1593 


8486 


9980 


1516 


8560 


0131 


1440 


62 


53 


83^8 


9679 


1672 


8409 


9831 


1691 


8486 


9982 


1514 


8561 


0134 


1439 


53 


54 


8330 


9681 


1670 


8410 


9833 


1590 


8487 


9985 


1513 


8562 


0136 


1438 


54 


65 


8331 


9684 


1669 


8411 


9836 


1689 


8489 


9987 


1611 


8663 


0139 


1487 


65 


56 


8332 


9686 


1668 


8412 


9838 


1688 


8490 


9990 


1610 


8564 


0142 


1436 


56 


57 


8334 


9689 


1666 


8414 


9841 


1686 


8491 


9992 


1509 


8566 


0144 


1434 


57 


58 


8336 


9691 


1665 


8416 


9843 


1586 


8492 


9995 


1608 


8667 


0147 


1433 


58 


59 


8336 


9694 


1664 


8416 


9846 


1584 


8494 


9997 


1506 


8568 


0149 


1432 


59 


^ 
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TABTiE IX. 105 
Logarithmio Sines, Tangents, and Cosecants. 


M. 


46 Degrees. 


47 Degrees. 


48 Degrees. 


49 Degrees. 


M. 

"o 

1 
2 
3 
4 
5 
6 
7 
8 
9 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 



1 
2 
3 
4 
6 
6 
7 
8 
9 


9.8569 
8571 
8572 
8673 

8674 
8675 
8577 
8578 
8679 
8580 


0.0152 
0164 
0167 
0169 
0162 
0164 
0167 
0169 
0172 
0174 

0.0176 
0179 
0182 
0185 
0187 
0190 
0192 
0196 
0197 
0200 


0.1431 
1429 
1428 
1427 
1426 
1425 
1423 
1422 
1421 
1420 


9.8641 
8642 
8644 
8646 
8646 
8647 
8648 
8660 
8661 
8652 


0.0303 
0306 
0309 
0311 
0314 
0316 
0319 
0321 
0324 
0326 


0.1359 
1368 
1366 
1356 
1364 
1363 
1362 
1350 
1349 
1348 


9.8711 
8712 
8713 
8714 
8716 
8716 
8718 
8719 
8720 
8721 


0.0466 
0458 
0461 
0463 
0466 
0468 
0471 
0473 
0476 
0479 

0.0481 
0484 
0486 
0489 
0491 
0494 
0496 
0499 
0501 
0604 


0.1289 
1288 
1287 
1286 
1286 
1284 
1282 
1281 
1280 
1279 

0.1278 
1277 
1276 
1275 
1273 
1272 
1271 
1270 
1269 
1268 


9.8778 
8779 
8780 
8781 
8782 
8783 
8784 
8786 
8787 
8788 


0.0608 
0611 
0613 
0616 
0619 
0621 
0624 
0626 
0629 
0631 


0.1222 
1221 
1220 
1219 
1218 
1217 
1216 
1216 
1213 
1212 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.8682 
8583 
8684 
8585 
8686 
8688 
8689 
8590 
8691 
8692 


0.1418 
1417 
1416 
1415 
1414 
1412 
1411 
1410 
1409 
1408 


9.8663 
8664 
8666 
8667 
8658 
8669 
8660 
8661 
8662 
8664 


0.0329 
0331 
0334 
0336 
0339 
0341 
0344 
0347 
0349 
0352 


0.1347 
1346 
1345 
1343 
1342 
1341 
1340 
1339 
1338 
1336 


9.8722 
8723 
8724 
8726 
8727 
8728 
8729 
8730 
8731 
8732 


9.8789 
8790 
8791 
8792 
8793 
8794 
8796 
8796 
8797 
8799 


0.0634 
0636 
0639 
0642 
0644 
0647 
0649 
0652 
0664 
0657 


0.1211 
1210 
1209 
1208 
1207 
1206 
1206 
1204 
1203 
1201 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.8694 
8696 
8696 
8697 
8598 
8600 
8601 
8602 
8603 
8604 


0.0202 
0205 
0207 
0210 
0212 
0216 
0217 
0220 
0222 
0225 


0.1406 
1406 
1404 
1403 
1402 
1400 
1399 
1398 
1397 
1396 


9.8665 
8666 
8667 
8668 
8669 
8671 
8672 
8673 
8674 
8675 

9.8676 
8677 
8679 
8680 
8681 
8682 
8683 
8684 
8686 
8687 


0.0364 
0367 
0359 
0362 
0364 
0367 
0369 
0372 
0374 
0377 


0.1336 
1334 
1333 
1332 
1331 
1329 
1328 
1327 
1326 
1325 


9.8733 
8734 
8736 
8737 
8738 
8739 
8740 
8741 
8742 
8743 


0.0606 
0609 
0612 
0614 
0617 
0519 
0622 
0624 
0627 
0629 

0.0632 
0634 
0537 
0640 
0642 
0646 
0647 
0660 
0652 
0656 


0.1267 
1266 
1264 
1263 
1262 
1261 
1260 
1269 
1268 
1267 


9.8800 
8801 
8802 
8803 
8804 
8805 
8806 
8807 
8808 
8809 


0.0669 
0662 
0666 
0667 
0670 
0672 
0676 
0677 
0680 
0682 


0.1200 
1199 
1198 
1197 
1196 
1196 
1194 
1193 
1192 
1191 


30 
81 
32 
33 
34 
36 
36 
87 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.8606 
8607 
8608 
8609 
8610 
8612 
8613 
8614 
8616 
8616 


0.0228 
0230 
0233 
0236 
0238 
0240 
0243 
0246 
0248 
0250 


0.1394 
1393 
1392 
1391 
1390 
1388 
1387 
1386 
1385 
1384 


0.0379 
0382 
0386 
0387 
0390 
0392 
0395 
0397 
0400 
0402 


0.1324 
1323 
1321 
1320 
1319 
1318 
1317 
1316 
1314 
1313 


9.8746 
8746 
8747 
8748 
8749 
8760 
8761 
8762 
8753 
8766 


0.1266 
1264 
1263 
1252 
1261 
1250 
1249 
1248 
1247 
1246 


9.8810 
8812 
8813 
8814 
8816 
8816 
8817 
8818 
8819 
8820 


0.0685 
0688 
0690 
0693 
0696 
0698 
0700 
0703 
0705 
0708 


0.1190 
1188 
1187 
1186 
1185 
1184 
1183 
1182 
1181 

. 1180 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


9.8618 
8619 
8620 
8621 
8622 
8624 
8626 
8626 
8627 
8628 


0.0263 
0266 
0268 
0260 
0263 
0266 
0268 
0271 
0273 
0276 

0.0278 
0281 
0283 
0286 
0288 
0291 
0293 
0296 
0298 
0301 


0.1382 
1381 
1380 
1379 
1378 
1376 
1375 
1374 
1373 
1372 


9.8688 
8689 
8690 
8691 
8692 
8694 
8696 
8696 
8697 
8698 


0.0406 
0407 
0410 
0412 
0415 
0418 
0420 
0423 
0426 
0428 

0.0430 
0433 
0436 
0438 
0440 
0443 
0445 
0448 
0461 
0453 


0.1312 
1311 
1310 
1309 
1308 
1306 
1305 
1304 
1303 
1302 


9.8766 
8767 
8768 
8759 
8760 
8761 
8762 
8763 
8766 
8766 

9.8767 
8768 
8769 
8770 
8771 
8772 
8773 
8776 
8776 
8777 


0.0658 
0560 
0662 
0566 
0668 
0670 
0673 
0675 
0578 
0680 


0.1244 
1243 
1242 
1241 
1240 
1239 
1238 
1237 
1236 
1234 


9.8821 
8822 
8823 
8824 
8826 
8827 
8828 
8829 
8830 
8831 


0.0711 
0713 
0716 
0718 
0721 
0723 
0726 
0729 
0731 
0734 


0.1179 
1178 
1177 
1176 
1174 
1173 
1172 
1171 
1170 
1169 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


60 
61 
62 
53 
54 
65 
66 
57 
68 
59 


9.8629 
8631 
8632 
8633 
8634 
8636 
8637 
8638 
8639 
8640 


0.1371 
1369 
1368 
1367 
1366 
1366 
1363 
1362 
1361 
1360 


9.8699 
8700 
8702 
8703 
8704 
8705 
8706 
8707 
8708 
8710 


0.1301 
1300 
1298 
1297 
1296 
1296 
1294 
1293 
1292 
1290 


0.0683 
0686 
0688 
0691 
0693 
0696 
0698 
0601 
0603 
0606 


0.1233 
1232 
1231 
1230 
1229 
1228 
1227 
1226 
1224 
1223 


9.8832 
8833 
8834 
8836 
8836 
8837 
8838 
8839 
8840 
8841 


0.0736 
0739 
0741 
0744 
0746 
0749 
0762 
0764 
0767 
0769 


0.1168 
1167 
1166 
1165 
1164 
1163 
1162 
1161 
1160 
1169 


60 
61 
62 
63 
64 
65 
66 
67 
58 
69 
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lABLE IX. 














Logarithmic Sines, Tangenta, and Cosecants. 








50 Degree?. 


51 Degrees. 


52 Degrees. 


63 Degrees. 


M. 

~0 


M. 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


CoMcant 


Sine 


Tangent 


Cosecant 


9.8843 


0.0762 


0.1157 


9.8905 


0.0916 


0.1095 


9.8965 


0.1072 


0.1035 


9.9023 


0.1229 


0.0977 


1 


8844 


0764 


1156 


8906 


0919 


1094 


8966 


1075 


1034 


9024 


1231 


0976 


1 


2 


8845 


0767 


1155 


8907 


0921 


1093 


8967 


1077 


1033 


9025 


1234 


0975 


2 


3 


8846 


0770 


1154 


8908 


0924 


1092 


8968 


1080 


1032 


9026 


1237 


0974 


3 


4 


8847 


0772 


1153 


8909 


0927 


1091 


8969 


1082 


1031 


9027 


1239 


0973 


4 


6 


8848 


0775 


1152 


8910 


0929 


1090 


8970 


1085 


1030 


9028 


1242 


0972 


5 


6 


8849 


0777 


1151 


8911 


0932 


1089 


8971 


1088 


1029 


9029 


1245 


0971 


6 


7 


8850 


0780 


1150 


8912 


0934 


1088 


8972 


1090 


1028 


9030 


1247 


0970 


7 


8 


8851 


0782 


1149 


8913 


0937 


1087 


8973 


1093 


1027 


9031 


1260 


0969 


8 


9 
10 


8852 


0785 


1148 


8914 
9.8915 


0940 


1086 


8974 


1095 


1C26 


9032 


1263 


0968 


9 


9^853 


0.0788 


0.1147 


0.0942 


0.1085 


9.8975 


0.1098 


0.1025 


9.9033 


0.1255 


00967 


10 


11 


8854 


0790 


1146 


8916 


0945 


1084 


8976 


1101 


1024 


9034 


1258 


0966 


11 


12 


8855 


0793 


1145 


8917 


0947 


1083 


8977 


1103 


1023 


9036 


1260 


0965 


12 


13 


8856 


0795 


1144 


8918 


0950 


1082 


8978 


1106 


1022 


9036 


1263 


0964 


13 


14 


8857 


0798 


1143 


8919 


0953 


1081 


8979 


1108 


1021 


9037 


1266 


0963 


14 


15 


8858 


0800 


1142 


8920 


0955 


1080 


8980 


nil 


1020 


9038 


1268 


0962 


15 


16 


8859 


0803 


1141 


8921 


0958 


1079 


8981 


1114 


1019 


9039 


1271 


0961 


16 


17 


8860 


0806 


1140 


8922 


0960 


1078 


8982 


1116 


1018 


9040 


1274 


0960 


17 


18 


8862 


0808 


1138 


8923 


0963 


1077 


8983 


1119 


1017 


9041 


1276 


0959 


18 


19 


8863 


0811 


1137 


8924 


0965 


1076 


8984 


1121 


1016 


9041 


1279 


0959 


19 


20 


9.8864 


0.0813 


0.1136 


9.8925 


0.0968 


0.1075 


9.8985 


0.1124 


0.1015 


9.9042 


0.1282 


0.0958 


20 


21 


8865 


0816 


1135 


8926 


0971 


1074 


8986 


1127 


1014 


9043 


1284 


0957 


21 


22 


8866 


0818 


1134 


8927 


0973 


1073 


8987 


1129 


1013 


9044 


1287 


0956 


22 


23 


8867 


0821 


1133 


8928 


0976 


1072 


8988 


1132 


1012 


9046 


1289 


0955 


23 


24 


8868 


0824 


1132 


8929 


0978 


1071 


8989 


1135 


1011 


9046 


1292 


0964 


24 


25 


8869 


0826 


1131 


8930 


0981 


1070 


8990 


1137 


1010 


9047 


1295 


0953 


26 


26 


8870 


0829 


1130 


8931 


0984 


1069 


8991 


1140 


1009 


9048 


1297 


0952 


26 


27 


8871 


0831 


1129 


8932 


0986 


1068 


8992 


1142 


1008 


9049 


1300 


0951 


27 


28 


8872 


0834 


1128 


8933 


0989 


1067 


8993 


1145 


1007 


9050 


1303 


0950 


28 


29 
30 


8873 


0836 


1127 


8934 


0991 


1066 


8994 


1148 


1006 


9061 


1305 


0949 


29 


9.8874 


0.0839 


0.1126 


9.8935 


0.0994 


0.1065 


9.8995 


0.1150 


0.1005 


9.9052 


0.1808 


0.0948 


30 


31 


8875 


0842 


1125 


8936 


0997 


1064 


8996 


1153 


1004 


9053 


1311 


0947 


31 


32 


8876 


0844 


1124 


8937 


0999 


1063 


8997 


1155 


1003 


9054 


1313 


0946 


32 


33 


8877 


0847 


1123 


8938 


1002 


1062 


8998 


1158 


1002 


9055 


1316 


0945 


33 


34 


8878 


0849 


1122 


8939 


1004 


1061 


8999 


1161 


1001 


9056 


1318 


0944 


34 


35 


8879 


0852 


1121 


8940 


1007 


1060 


9000 


1163 


1000 


9056 


1321 


0944 


36 


36 


8880 


0854 


1120 


8941 


1010 


1059 


9000 


1166 


1000 


9057 


1324 


0943 


36 


37 


8881 


0857 


1119 


8942 


1012 


1068 


9001 


1169 


0999 


9058 


1326 


0942 


37 


38 


8882 


0860 


1118 


8943 


1015 


1057 


9002 


1171 


0998 


9059 


1329 


0941 


38 


39 


8883 


0862 


1117 


8944 


1017 


1056 


9003 


1174 


0997 


9060 


1332 


0940 


39 


40 


9.8884 


0.0865 


0.1116 


9.8945 


0.1020 


0.1055 


9.9004 


0.1176 


0.0996 


9.9061 


0.1334 


0.0939 


40 


41 


8885 


0867 


1115 


8946 


1022 


1054 


9005 


1179 


o\m 


9062 


1337 


0938 


41 


42 


8887 


0870 


1113 


8947 


1025 


1053 


9006 


1182 


0994 


9063 


1340 


0987 


42 


43 


8888 


0872 


1112 


8948 


1028 


1052 


9007 


1184 


0993 


9064 


1342 


0936 


43 


44 


8889 


0875 


1111 


8949 


1030 


1051 


9008 


1187 


0992 


9065 


1345 


0935 


44 


45 


8890 


0878 


1110 


8950 


1033 


1050 


9009 


1189 


0991 


9066 


1348 


0934 


46 


46 


8891 


0880 


1109 


8951 


1035 


1049 


9010 


1192 


0990 


9067 


1350 


0933 


46 


47 


8892 


0883 


1108 


8952 


1038 


1048 


9011 


1195 


0989 


9068 


1353 


0932 


47 


48 


8893 


0885 


1107 


8953 


1041 


1047 


9012 


1197 


0988 


9069 


1356 


0931 


48 


49 
50" 


8894 


0888 


1106 


8954 


1043 


1046 


9013 


1200 


0987 


9069 


1358 


0931 


49 


9.8895 


0.0890 


0.1105 


9.8955 


0.1046 


0.1045 


9.9014 


0.1203 


0.0986 


9.9070 


0.1361 


0.0930 


50 


51 


8896 


0893 


1104 


8956 


1048 


1044 


9015 


1205 


0985 


9071 


1364 


0929 


61 


52 


8897 


0896 


1103 


8957 


1051 


1043 


9016 


1208 


0984 


9072 


1366 


0928 


52 


53 


8898 


0898 


1102 


8958 


1054 


1042 


9017 


1210 


0983 


9073 


1369 


0927 


53 


54 


8899 


0901 


1101 


8959 


1056 


1041 


9018 


1213 


0982 


9074 


1371 


0926 


54 


55 


8900 


0903 


1100 


8960 


1059 


1040 


9019 


1216 


0981 


9075 


1374 


0925 


66 


56 


8901 


0906 


1099 


8961 


1061 


1039 


9020 


1218 


0980 


9076 


1377 


0924 


56 


57 


8902 


0909 


1098 


8962 


1064 


1038 


9021 


1221 


0979 


9077 


1379 


0923 


57 


58 


8903 


0911 


1097 


8963 


1067 


1037 


9022 


1224 


0978 


9078 


1382 


0922 


58 


59 


8904 


0914 


1096 


8964 


1069 


1036 


9023 


1226 


0977 


9079 


1385 


0921 


59 
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TABLE IX. 107 
Logarithmic Sines, Tangents, and Cosecants. 


M. 


64 Degrees. 


66 Degrees. 


66 Degrees. 


67 Degrees. 


M. 


Sine 


Tangent 

0.1387 
1390 
1393 
1396 
1398 
1401 
1403 
1406 
1409 
1411 


Cosecaift 


Sine 


Tangent 


CkMecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cooecant 




1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

36 

36 

37 

38 

39 


9.9080 
9080 
9081 
9082 
9083 
9084 
9086 
9086 
9087 
9088 


0.0920 
0920 
0919 
0918 
0917 
0916 
0916 
0914 
0913 
0912 


9.9134 
9135 
9135 
9136 
9137 
9138 
9139 
9140 
9141 
9142 


0.1648 
1660 
1553 
,1666 
1558 
1661 
1564 
1667 
1669 
1672 


0.0866 
0865 
0865 
0864 
0863 
0862 
0861 
0860 
0869 
0858 


9.9186 
9187 
9187 
9188 
9189 
9190 
9191 
9192 
9193 
9193 


0.1710 
1713 
1716 
1718 
1721 
1724 
1726 
1729 
1732 
1736 


0.0814 
0813 
0813 
0812 
0811 
0810 
0809 
0808 
0807 
0807 


9.9236 
9237 
9238 
9238 
9239 
9240 
9241 
9242 
9242 
9243 


0.1875 
1878 
1880 
1883 
1886 
1889 
1891 
1894 
1897 
1900 


0.0764 
0763 
0762 
0762 
0761 
0760 
0769 
0768 
0768 
0767 



1 
2 
3 
4 
5 
6 
7 
8 
9 


9.9089 
9090 
9091 
9091 
9092 
9093 
9094 
9096 
9096 
9097 


0.1414 
1417 
1419 
1422 
1425 
1427 
1430 
1433 
1435 
1438 


0.0911 
0910 
0909 
0909 
0908 
0907 
0906 
0905 
0904 
0903 


9.9142 
9143 
9144 
9146 
9146 
9147 
9148 
9149 
9149 
9160 


0.1576 
1577 
1680 
1683 
1685 
1588 
1691 
1694 
1596 
1599 

0.1602 
1604 
1607 
1610 
1612 
1615 
1618 
1621 
1623 
1626 

0.1629 
1631 
1634 
1637 
1639 
1642 
1645 
1648 
1660 
1653 


0.0868 
0867 
0866 
0865 
0864 
0853 
0862 
0851 
0851 
0860 


9.9194 
9196 
9196 
9197 
9198 
9198 
9199 
9200 
9201 
9202 


0.1737 
1740 
1743 
1746 
1748 
1761 
1754 
1767 
1769 
1762 


0.0806 
0806 
0804 
0803 
0802 
0802 
0801 
0800 
0799 
0798 


9.9244 
9245 
9246 
9247 
9247 
9248 
9249 
9260 
9261 
9261 


0.1903 
1905 
1908 
1911 
1914 
1916 
1919 
1922 
1925 
1928 


0.0766 
0765 
0764 
0763 
0753 
0752 
0751 
0750 
0749 
0749 


10 
11 
)2 
13 
14 
15 
16 
17 
18 
19 
20' 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
S8 
39 


9.9098 
9099 
9100 
9101 
9101 
9102 
9103 
9104 
9106 
9106 


0.1441 
1443 
1446 
1449 
1451 
1464 
1467 
1459 
1462 
1465 


0.0902 
0901 
0900 
0899 
0899 
0898 
0897 
0896 
0895 
0894 


9.9151 
9152 
9163 
9164 
9165 
9156 
9166 
9157 
9168 
9159 


0.0849 
0848 
0847 
0846 
0846 
0844 
0844 
0843 
.0842 
•0841 


9.9203 
9204 
9204 
9205 
9206 
9207 
9208 
9209 
9209 
9210 


0.1766 
1768 
1770 
1773 
1776 
1778 
1781 
1784 
1787 
1789 


0.0797 
0796 
0796 
0796 
0794 
0793 
0792 
0791 
0791 
0790 


9.9262 
9263 
9254 
9265 
9265 
9256 
9257 
9268 
9269. 
9269 


0.1930 
1933 
1936 
1939 
1941 
1944 
1947 
1950 
1963 
1966 


0.0748 
0747 
0746 
0746 
0746 
0744 
0743 
0742 
0741 
0741 


9.9107 
9108 
9109 
9110 
9110 
9111 
9112 
9113 
9114 
9116 


0.1467 
1470 
1473 
1475 
1478 
1481 
1483 
1486 
1489 
1491 


0.0893 
0892 
0891 
0890 
0890 
0889 
0888 
0887 
0886 
0886 


9.9160 
9161 
9162 
9163 
9163 
9164 
9165 
9166 
9167 
9168 


0.0840 
0839 
0838 
0837 
0837 
0836 
0836 
0834 
0833 
0832 


9.9211 
9212 
9213 
9214 
9914 
9216 
9216 
9217 
9218 
9219 


0.1792 
1795 
1798 
1800 
1803 
1806 
1809 
1811 
1814 
1817 


0.0789 
0788 
0787 
0786 
0786 
0785 
0784 
0783 
0782 
0781 


9.9260 
9261 
9262 
9263 
9264 
9264 
9265 
9266 
9267 
926S 


0.1958 
1961 
1964 
1966 
1969 
1972 
1975 
1978 
1980 
1983 


0.0740 
0739 
0738 
0737 
0736 
0736 
0735 
0734 
0733 
0732 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
51 
52 
63 
64 
66 
66 
67 
68 
69 


9.9116 
9117 
9118 
9119 
9119 
9120 
9121 
9122 
9123 
9124 


0.1494 
1497 
1499 
1602 
1605 
1607 
1610 
1613 
1516 
1618 


0.0884 
0883 
0882 
0881 
0881 
0880 
0879 
0878 
0877 
0876 


9.9169 
9169 
9170 
9171 
9)72 
9173 
9174 
9176 
9175 
9176 


0.1656 
1658 
1661 
1664 
1667 
1669 
1672 
1675 
1677 
1680 


0.0831 
0831 
0830 
0829. 
0828 
0827 
0826 
0826 
0826 
0824 


9.9219 
9220 
9221 
9222 
9223 
9224 
9224 
9225 
9226 
9227 


0.1820 
1822 
1825 
1828 
1831 
1833 
1836 
1839 
1842 
1844 


0.0781 
0780 
0779 
0778 
0777 
0776 
0776 
0776 
0774 
0773 


9.9268 
9269 
9270 
9271 
8272 
9272 
9273 
9274 
9275 
9276 


0.1986 
1989 
1992 
1994 
1997 
2000 
2003 
2006 
2008 
2011 


0.0732 
0731 
0730 
0729 
0728 
0728 
0727 
0726 
0725 
0726 


40 
41 
42 
43 
44 
45 
46 
47 
48 
40 
60 
61 
62 
63 
64 
66 
66 
67 
58 
69 


9.9125 
9126 
9127 
9127 
9128 
9129 
9130 
9131 
9132 
9133 


0.1521 
1624 
1626 
1529 
1532 
1534 
1537 
1540 
1642 
1646 


0.0875 
0874 
0873 
0873 
0872 
0871 
0870 
0869 
0868 
0867 


9.9177 
9178 
9179 
9180 
9181 
9181 
9182 
9183 
9184 
9185 


0.1683 
1686 
1688 
1691 
1694 
1697 
1699 
1702 
1706 
1707 


0.0824 
0823 
0822 
0821 
0820 
0819 
0819 
0818 
0817 
0816 


9.9228 
9229 
9229 
9230 
9231 
9232 
9233 
9233 
9234 
9235 


0.1847 
1850 
1853 
1866 
1858 
1861 
1864 
1867 
1869 
1872 


0.0772 
0771 
0771 
0770 
0769 
0768 
0767 
0767 
0766 
0766 


9.9276 
9277 
9278 
9279 
9279 
9280 
9281 
9282 
9283 
9283 


0.2014 
2017 
2020 
2022 
2025 
2028 
2031 
2034 
2036 
2039 


0.0724 
0723 
0722 

0721 
0721 
0720 
0719 
0718 
0717 
0717 
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108 TABLE IX. 

Logarlthmio Sines, Tangents, and Cosecants. 


M. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


58 Degrees. 


59 Degrees. 


60 Degrees. 


61 Degrees. 1 


M. 

~0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


•Sine 


Tangent 


Cosecant 


9.9284 
9285 
9286 
9287 
9287 
9288 
9289 
9290 
9291 
9291 


0.2042 
2045 
2048 
2051 
2053 
2056 
2059 
2062 
2005 
2067 


0.0716 
0715 
0714 
0713 
071^ 
0712 
0711 
0710 
0709 
0709 


9.9331 
9331 
9332 
9333 
9334 
9334 
9335 
9336 
9337 
9837 


0.2212 
2215 
2218 
2221 
2224 
2227 
2229 
2232 
2235 
2238 

0.2241 
2244 
2247 
2250 
2252 
2255 
2258 
2261 
2264 
2267 


0.0669 
0669 
0668 
0667 
0666 
0666 
0665 
0664 
0663 
0668 

0.0662 
0661 
0660 
0660 
0659 
0658 
0657 
0657 
0656 
0655 


9.9375 
9376 
9377 
9377 
9378 
9379 
9380 
9380 
9381 
9382 


0.2386 
2389 
2391 
2394 
2397 
2400 
2403 
2406 
2409 
2412 


0.0025 
0624 
0623 
0623 
0622 
0621 
0620 
0620 
0619 
0618 

0.0617 
0617 
0616 
0616 
0615 
0614 
0613 
0612 
0612 
0611 


9.9418 
9419 
9420 
9420 
9421 
9422 
9422 
9428 
9424 
9424 


0.2662 
2565 
2668 
2671 
2574 
2577 
2580 
2683 
2586 
2589 


0.0682 
0581 
0580 
0580 
0579 
0578 
0578 
0577 
0576 
0676 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.9292 
9293 
9294 
9294 
9295 
9296 
9297 
9298 
9298 
9299 


0.2070 
2073 
2076 
2079 
2082 
2084 
2087 
2090 
2093 
2096 


0.0708 
0707 
0706 
0706 
0705 
0704 
0703 
0702 
0702 
0701 

0.0700 
0699 
0699 
0698 
0697 
0696 
0695 
0695 
0694 
0693 


9.9338 
9339 
9340 
9340 
9341 
9342 
9343 
9343 
9344 
9345 


9.9388 
9888 
9884 
9385 
9885 
9386 
9887 
9888 
9388 
9889 


0.2415 
2418 
2421 
2424 
2427 
242.9 
2432 
2435 
2438 
2441 


9.9425 
9426 
9426 
9427 
9428 
9429 
9429 
9430 
9431 
9431 


0.2592 
2595 
2698 
2601 
2604 
2607 
2610 
2613 
2616 
2619 


0.0676 
0674 
0674 
0673 
0572 
0571 
0671 
0570 
0669 
0669 


9.9300 
9301 
9301 
9302 
9303 
9304 
9305 
9305 
9306 
9307 


0.2099 
2101 
2104 
2107 
2110 
2113 
2115 
2118 
2121 
2124 


9.9346 
9346 
9347 
9348 
9349 
9349 
9350 
9351 
9352 
9352 


0.2270 
2273 
2275 
2278 
2281 
2284 
2287 
2290 
2293 
2296 


0.0654 
0654 
0653 
0652 
0651 
0651 
0650 
0649 
0648 
0648 


9.9390 
9391 
9391 
9392 
9893 
9393 
9894 
9895 
9396 
9896 


0.2444 
2447 
2450 
2453 
2456 
2459 
2462 
2465 
2468 
2471 


0.0610 
0609 
0609 
0608 
0607 
0607 
0606 
0605 
0604 
0604 


9.9432 
9433 
9433 
9434 
9485 
9435 
9436 
9437 
9438 
9438 


0.2622 
2625 
2628 
2631 
2634 
2637 
2640 
2643 
2646 
2649 


0.0568 
0667 
0567 
0666 
0665 
0566 
0664 
0563 
0662 
0562 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.9308 
9308 
9309 
9310 
9311 
9312 
9312 
9313 
9314 
9315 


0.2127 
2130 
2132 
2135 
2138 
2141 
2144 
2147 
2150 
2152 


0.0692 
0692 
0691 
0690 
0689 
0688 
0688 
0687 
0686 
0685 


9.9353 
9354 
9355 
9355 
9356 
9357 
9358 
9358 
9359 
9360 


0.2299 
2301 
2304 
2307 
2310 
2313 
2316 
2319 
2322 
2325 


0.0647 
0646 
0645 
0645 
0644 
0643 
0642 
0642 
0641 
0640 


9.9397 
6398 
9898 
9399 
9400 
9401 
9401 
9402 
9403 
9403 


0.2474 
2477 
2479 
2482 
2485 
2488 
2491 
2494 
2497 
2500 


0.0603 
0602 
0602 
0601 
0600 
0599 
0599 
0598 
0597 
0597 


9.9439 
9440 
9440 
9441 
9442 
9442 
9448 
9444 
9444 
9445 


0.2662 
2656 
2668 
2661 
2664 
2667 
2670 
2678 
2677 
2680 


0.0561 
0560 
0560 
0559 
0668 
0568 
0567 
0666 
0566 
0565 


30 
81 
32 
33 
84 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.9315 
9316 
9317 
9318 
9318 
9319 
9320 
9321 
9322 
9322 


0.2155 
2158 
2161 
2164 
2167 
2169 
2172 
2175 
2178 
2181 


0.0685 
0684 
0683 
0682 
0682 
0681 
0680 
0679 
0678 
0678 


9.9361 
9361 
9362 
0363 
9364 
9364 
9365 
9366 
9367 
9367 


0.2327 
.2380 
2333 
2336 
2339 
2342 
2345 
2348 
2351 
2354 


0.0639 
0639 
0638 
0637 
0636 
0636 
0635 
0634 
0633 
0633 


9.9404 
9405 
9406 
9406 
9407 
9408 
9408 
9409 
9410 
9410 


0.2503 
2506 
2509 
2512 
2515 
2518 
2521 
2524 
2527 
2530 


0.0596 
0595 
0594 
0594 
0593 
0592 
0692 
0591 
0590 
0590 


9.9446 
9447 
9447 
9448 
9449 
9449 
9450 
9451 
9451 
9452 


0.2683 
2686 
2689 
2692 
2695 
2698 
2701 
2704 
2707 
2710 


0.0554 
0553 
0663 
0562 
0551 
0561 
0560 
0649 
0649 
0548 


40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 


50 
51 
52 
53 
54 
55 
56 
57 
68 
59 


9.9323 
9324 
9325 
9325 
9326 
9327 
9328 
9328 
9329 
9330 


0.2184 
2187 
2189 
2192 
2195 
2198 
2201 
2204 
2207 
2209 


0.0677 
0676 
0675 
0675 
0674 
0673 
0672 
0672 
0671 
0670 


9.9368 
9369 
9369 
9370 
9371 
9372 
9372 
9373 
9374 
9375 


0.2356 
2859 
2362 
2865 
2868 
2371 
2374 
2377 
2380 
2383 


0.0682 
0631 
0631 
0630 
0629 
0628 
0628 
0627 
0626 
0625 


9.9411 
9412 
9418 
9418 
9414 
9415 
9415 
9416 
9417 
9417 


0.2533 
2536 
2539 
2542 
2545 
2548 
2551 
2554 
2557 
2560 


0.0589 
0588 
0587 
0687 
0686 
0685 
0585 
0584 
0583 
0583 


9.9468 
9453 
9454 
9455 
9455 
9456 
9457 
9467 
9458 
9469 


0.2713 
2716 
2719 
2722 
2725 
2728 
2731 
2734 
2737 
2740 


0.0547 
0547 
0546 
0645 
0646 
0544 
0648 
0543 
0642 
0541 
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TABLE IX. 109 

Logarithmic Sines, Tangents, and Cosecants. 


M. 


62 Degrees. 


63 Degrees. 


64 Degrees. 


65 Degrees. 


M. 

T 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 



1 
2 
3 
4 
5 
6 
7 
8 
9 


9.9469 
9460 
9461 
9461 
9462 
9463 
9463 
9464 
9465 
9465 


0.2743 
2746 
2749 
2752 
2755 
2759 
2762 
2765 
2768 
2771 


0.0641 
0540 
0539 
0639 
0538 
0537 
0537 
0536 
0536 
0535 


9.9499 
9499 
9500 
9501 
9601 
9502 
9603 
9503 
9604 
9605 


0.2928 
2931 
2936 
2938 
2941 
2944 
2947 
2950 
2953 
2957 


0.0501 
0501 
0500 
0499 
0499 
0498 
0497 
0497 
0496 
0495 


9.9537 
9637 
9538 
9538 
9539 
9540 
9540 
9541 
9542 
9542 


0.3118 
3121 
3126 
3128 
3131 
3134 
3137 
3141 
3144 
3147 


0.0463 
0463 
0462 
0462 
0461 
•0460 
0460 
0459 
0458 
0458 


9.9673 
9573 
9574 
9676 
9576 
9676 
9676 
9677 
9677 
9578 


0.3313 
3317 
3320 
3323 
3326 
3330 
3333 
3336 
3340 
3343 


0.0427 
0427 
0426 
0425 
0425 
0424 
0424 
0423 
0423 
0422 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


9.9466 
9467 
9467 
9468 
9469 
9469 
9470 
9471 
9471 
9472 


0.2774 
2777 
2780 
2783 
2786 
2789 
2792 
2795 
2798 
2801 


0.0534 
0533 
0533 
0532 
0531 
0531 
0530 
0529 
0529 
0528 


9.9605 
9506 
9607 
9607 
9608 
9608 
9509 
9510 
9610 
9511 


0.2960 
2963 
2966 
2969 
2972 
2975 
2978 
2982 
2985 
2988 


0.0496 
0494 
0493 
0493 
0492 
0492 
0491 
0490 
0490 
0489 


9.9543 
9643 
9544 
9545 
9545 
9546 
9546 
9647 
9648 
9548 


0.3160 
3154 
3167 
3160 
3163 
3166 
3170 
3173 
3176 
3179 


0.0467 
0457 
0456 
0455 
0455 
0454 
0454 
0453 
0452 
0452 


9.9579 
9579 
9680 
9680 
9581 
9582 
9582 
9583 
9583 
9584 


0.3346 
3350 
3353 
3356 
3360 
3363 
3366 
3370 
3373 
8376 


0.0421 
0421 
0420 
0420 
0419 
0418 
0418 
0417 
0417 
0416 


■^o 

21 
22 
23 
24 
25 
26 
27 
^8 
29 


9.9473 
9473 
9474 
9475 
9476 
9476 
9477 
9477 
9478 
9479 


0.2804 
2808 
2811 
2814 
2817 
2820 
2823 
2826 
2829 
2832 


0.0527 
0527 
0526 
0526 
0525 
0524 
0523 
0523 
0522 
0521 


9.9512 
9512 
9513 
9513 
9514 
9515 
9516 
9516 
9517 
9617 


0.2991 
2994 
2997 
3001 
3004 
3007 
3010 
3013 
3016 
3019 


0.0488 
0488 
0487 
0487 
0486 
0485 
0435 
0484 
0483 
0483 


9.9549 
9549 
9550 
9561 
9551 
9552 
9562 
9553 
9554 
9554 


0.3183 
3186 
3189 
3192 
3196 
3199 
3202 
3206 
3209 
3212 


0.0451 
0451 
0450 
0449 
0449 
0448 
0448 
0447 
0446 
0446 


9.9584 
9585 
9686 
9586 
9587 
9687 
9588 
9589 
9589 
9690 


0.3380 
3383 
3386 
3390 
3393 
3396 
3300 
3403 
3406 
3410 


0.0416 
0415 
0414 
0414 
0413 
0413 
0412 
0411 
0411 
0410 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.9479 
9480 
9481 
9481 
9482 
9483 
9483 
9484 
9485 
9485 


0.2835 
2838 
2841 
2844 
2848 
2851 
2854 
2857 
2860 
2863 


0.0521 
0620 
0519 
0519 
0518 
0517 
0517 
0516 
0516 
0515 


9.9618 
9519 
9519 
9520 
9520 
9521 
9522 
9522 
9623 
9624 


0.3023 
3026 
3029 
3032 
3035 
3038 
3042 
3046 
3048 
3061 


0.0482 
0481 
0481 
0480 
0480 
0479 
0478 
0478 
0477 
0476 


9.9655 
9555 
9566 
9557 
9557 
9558 
9558 
9659 
9560 
9560 


0.3216 
3218 
3222 
3225 
3228 
3231 
3235 
3238 
3241 
3244 


0.0445 
0445 
0444 
0443 
0443 
0442 
0442 
0441 
0440 
0440 


9.9690 
9591 
9691 
9592 
9693 
9593 
9594 
9694 
9595 
9595 


0.3413 
3416 
3420 
3423 
3426 
3430 
3433 
3436 
3440 
3443 


U.0410 
0409 
0409 
0408 
0407 
0407 
0406 
0406 
0405 
0405 


30 
31 
32 
33 
34 
35 
30 
37 
38 
39 


9.9486 
9487 
9487 
9488 
9488 
9489 
9490 
9490 
9491 
9492 


0.2866 
2869 
2872 
2875 
2879 
2882 
2885 
2888 
2891 
2894 


0.0514 
0513 
0513 
0512 
0512 
0511 
0510 
0510 
0509 
0508 


9.9524 
9526 
9525 
9526 
9527 
9527 
9528 
9529 
9529 
9530 


0.3054 
3058 
3061 
3064 
3067 
3070 
3073 
3077 
3080 
3083 


0.0476 
0476 
0475 
0474 
0473 
0473 
0472 
0471 
0471 
0470 


9.9661 
9561 
9562 
9563 
9563 
9564 
9564 
9565 
9566 
9566 


0.3248 
3251 
3254 
3257 
3260 
3264 
3267 
3271 
3274 
3277 


0.0439 
0439 
0438 
0437 
0437 
0436 
0436 
0435 
0434 
0434 


9.9596 
9597 
9597 
9598 
9598 
9599 
9599 
9600 
9601 
9601 


0.3447 
8450 
3453 
3457 
3460 
3463 
3467 
3470 
3474 
3477 


0.0404 
0403 
0403 
0402 
0402 
0401 
0401 
0400 
0399 
0399 


4u 
41 
42 
43 

44 
45 
46 

47 
48 
49 


60 
61 
52 
53 
54 
65 
56 
57 
58 
59 


9.9492 
9493 
9494 
9494 
9495 
9496 
9496 
9497 
9498 
9498 


0.2897 
2900 
2903 
2907 
2910 
2913 
2916 
2919 
2922 
2925 


0.0608 
0507 
0506 
0506 
0506 
0604 
0604 
0503 
0502 
0502 


9.9530 
9631 
9532 
9632 
9533 
9634 
9534 
9535 
9635 
9536 


0.3086 
3089 
3093 
3096 
3099 
3102 
3105 
3109 
3112 
3115 


0.0470 
0469 
0468 
0468 
0467 
0466 
0466 
0465 
0465 
0464 


9.9667 
9667 
9568 
9569 
9569 
9570 
9570 
9571 
9572 
9672 


0.3280 
3284 
3287 
3290 
3294 
3297 
3300 
3303 
3307 
3310 


0.0433 
0433 
0432 
0431 
0431 
0430 
0430 
0429 
0428 
0428 


9.9602 
9602 
9603 
9603 
9604 
9604 
9605 
9606 
9606 
9607 


0.3480 
3484 
3487 
3490 
3494 
3497 
3501 
8504 
8607 
3511 


0.0398 
0398 
0397 
0397 
0396 
0396 
0395 
0394 
0394 
0393 


50 
51 
62 
53 
54 
56 
56 
67 
58 
59 
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no TABLE IX. 

Logarithmic Sines, Tangentu, and Coaecants. 


M. 


66 Degrees. 


67 Degrees. 


68 Degrees. 


69 Degrees. 


M. 


8ine 


Tangent 


Cosecant 


Sine 


IWgent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


9.9607 
9608 
9608 
9609 
9610 
9610 
9611 
9611 
9612 
9612 


0.3514 
3518 
3521 
3524 
3528 
3531 
3535 
3538 
3541 
3545 


0.0893 
0393 
0392 
0391 
0390 
0390 
03S9 
0389 
0888 
0388 


».»640 
9641 
9641 
9642 
9642 
9643 
9643 
9644 
9645 
9645 


0.3722 
3726 
3729 
8732 
8736 
8739 
8743 
3746 
8750 
3753 


0.0360 
0359 
0859 
0358 
0358 
0857 
0357 
0366 
0355 
0356 


9.9672 
9672 
9673 
9678 
9674 
9674 
9676 
9676 
9676 
9676 


0.3936 
3940 
3943 
8947 
8950 
8964 
3968 
3961 
3966 
8969 


0.0328 
0328 
0327 
0327 
0326 
0326 
0326 
0326 
0324 
0324 


9.9702 
9702 
9703 
9703 
9703 
9704 
9704 
9705 
9705 
9706 


0.4168 
4162 
4166 
4170 
4173 
4177 
4181 
4185 
4189 
4192 


0.0298 
0298 
0297 
0297 
0297 
0296 
0296 
0296 
0295 
0294 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 


9.9613 
9613 
9614 
9615 
9615 
9616 
9616 
9617 
9617 
9618 


0.3548 
3552 
3555 
3559 
3562 
3565 
3569 
3572 
3576 
3579 


0.0887 
0887 
0886 
0385 
0385 
0384 
0884 
0383 
0383 
0382 


9.9646 
9646 
9647 
9647 
9648 
9648 
9649 
9649 
9650 
9650 


0.3757 
8760 
8764 
8767 
8771 
8774 
8778 
8781 
8785 
8789 


0.0364 
0354 
0353 
0353 
0352 
0862 
0351 
0351 
0350 
0350 


9.9677 
9677 
9678 
9678 
9679 
9679 
9680 
9680 
9681 
9681 


0.3972 
8976 
8980 
8988 
8987 
8991 
8994 
8998 
4002 
4005 


0.0323 
0323 
0322 
0322 
0321 
0321 
0320 
0320 
0819 
0319 


9.9706 
9707 
9707 
9708 
9708 
9709 
9709 
9710 
9710 
9711 


0.4196 
4200 
4204 
4208 
4211 
4215 
4219 
4223 
4227 
4230 


0.0294 
0293 
0293 
0292 
0292 
0291 
0291 
0290 
0290 
0289 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.9618 
9619 
9620 
9620 
9621 
9621 
9622 
9622 
9623 
9623 


0.3583 
3586 
3589 
3593 
3596 
3600 
3603 
3607 
3610 
3614 


0.0382 
0381 
0380 
0380 
0379 
0379 
0878 
0378 
0377 
0377 


9.9651 
9651 
9652 
9652 
9653 
9654 
9654 
9655 
9665 
9656 


0.8792 
3796 
8799 
8803 
8806 
8810 
8813 
8817 
3821 
8824 


0.0349 
0849 
0348 
0348 
0347 
0346 
0346 
0345 
0345 
0344 


9.9682 
9682 
9688 
9683 
9684 
9684 
9685 
9685 
9686 
9686 


0.4009 
4018 
4016 
4020 
4024 
4028 
4031 
4035 
4089 
4042 


0.0318 
0318 
0317 
0317 
0316 
0316 
0315 
0815 
0814 
0314 


9.9711 
9712 
9712 
9713 
9713 
9714 
9714 
9714 
9715 
9715 


0.4234 
4238 
4242 
4246 
4260 
4258 
4257 
4261 
4265 
4269 


0.0289 
0288 
0288 
0287 
0287 
0286 
0286 
0286 
0286 
0285 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.9624 
9625 
9625 
9626 
9626 
9627 
9627 
9628 
9628 
9629 


0.3617 
3620 
3624 
3627 
3631 
3634 
3638 
3641 
3645 
3648 


0.0376 
0375 
0375 
0374 
0374 
0373 
0373 
0372 
0872 
0371 


9.9666 
9657 
9667 
9668 
9658 
9659 
9659 
9659 
9660 
9660 


0.3828 
8831 
8835 
8838 
8842 
3846 
3849 
3853 
3856 
8860 


0.0844 
0343 
0343 
0342 
0342 
0341 
0341 
0341 
0340 
0340 


9.9687 

9687 
9688 
9688 
9689 
9689 
9690 
9690 
9691 
9691 


0.4046 
4060 
4053 
4057 
4061 
4066 
4068 
4072 
4076 
4079 


0.0318 
0313 
0312 
0312 
0311 
0311 
0810 
0310 
0309 
0309 


9.9716 
9716 
9717 
9717 
9718 
9718 
9719 
9719 
9720 
9720 


0.4273 
4276 

4280 
4284 
4288 
4292 
4296 
4300 
4304 
4307 


0.0284 
0284 
0283 
0283 
0282 
0282 
0281 

. 0281 
0280 
0280 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.«62« 
9630 
9631 
9631 
9632 
9632 
9633 
9633 
9634 
9634 


0.3652 
3655 
8659 
3662 
3666 
8669 
3673 
8676 
8679 
3683 


0.0371 
0370 
0369 
0369 
0368 
0368 
0367 
0367 
0366 
0366 


9.9661 
9661 
9662 
9663 
9663 
9664 
9664 
9666 
9666 
9666 


0.3864 
3867 
3871 
8874 
8878 
8882 
8886 
8889 
8892 
8896 


0.0339 
0839 
0338 
0337 
0337 
0336 
0386 
0386 
0334 
0834 


9.9692 
9692 
9693 
9693 
9694 
9694 
9695 
9695 
9696 
9696 


0.4088 
4087 
4091 
4094 
4098 
4102 
4106 
4109 
4113 
4117 


0.0308 
0308 
0307 
6307 
0306 
0306 
0306 
0805 
0304 
0804 


9.9721 
9721 
9722 
9722 
9722 
9728 
9723 
9724 
9724 
9726 


0.4311 
4315 
4319 
4323 
4327 
4381 
4386 
4388 
4842 
4846 


0.0279 
0279 
0278 
0278 
0278 
0277 
0277 
0276 
0276 
0276 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


50 
61 
52 
63 
54 
55 
56 
57 
58 
59 


9.9635 
9635 
9636 
9637 
9637 
9638 
9638 
9639 
9639 
9640 


0.3686 
8690 
8693 
3697 
3700 
3704 
8707 
8711 
8714 
3718 


0.0365 
0365 
0364 
0868 
0363 
0362 
0362 
0361 
0361 
0360 


9.9667 
9667 
9668 
9668 
9669 
9669 
9670 
9670 
9671 
9671 


0.3900 
8903 
3607 
8911 
8914 
8918 
8921 
8925 
3929 
8932 


0.0333 
0333 
0332 
0332 
0331 
0331 
0380 
0330 
0829 
0329 


9.9697 
9697 
9698 
9698 
9699 
9699 
9700 
9700 
9701 
9701 


0.4121 
4124 
4128 
4132 
4136 
4139 
4143 
4147 
4151 
4154 


0.0303 
0303 
0302 
0302 
0301 
0301 
0300 
0300 
0299 
0299 


9.9726 
9726 
9726 
9727 
9727 
9728 
9728 
9728 
9729 
9729 


0.4360 
4364 
4358 
4362 
4366 
4870 
4374 
4378 
4881 
4885 


0.0276 
0274 
0274 
0273 
0273 
0272 
0272 
0272 
0271 
0271 


50 
51 
52 
53 
64 
56 
56 
57 
58 
59 
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TABLE IX. Ill 

Logarithmic Sines, Tangents, and Cosecants. 


M. 


70 Degrees. 


71 Degrees. 


72 Degrees. 1 


73 Degrees. 


M. 


Sine 


Twigent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 



1 
2 
3 

4 
5 
6 
7 
8 
9 


9.9730 
9730 
9731 
9731 
9732 
9732 
9733 
9733 
9734 
9734 


0.4389 
4393 
4397 
4401 
4405 
4409 
4413 
4417 
4421 
4425 


0.0270 
0270 
0269 
0269 
0268 
0268 
0267 
0267 
0266 
0266 


9.9767 
9757 
9758 
9758 
9758 
9769 
9759 
9760 
9760 
9761 


0.4630 
4634 
4639 
4643 
4647 
4651 
4656 
4659 
4663 
4667 


0.0243 
0243 
0242 
0242 
0242 
0241 
0241 
0240 
0240 
0239 


9.9782 
9782 
9783 
9783 
9784 
9784 
9785 
9786 
9786 
9786 


0.4882 
4887 
4891 
4895 
4899 
4904 
4908 
4912 
4917 
4921 


0.0218 
0218 
0217 
0217 
0216 
0216 
0216 
0215 
0216 
0214 


9.9806 
9806 
9807 
9807 
9808 
9808 
9808 
9809 
9809 
9809 


0.6147 
5151 
5156 
5160 
5165 
5169 
5174 
5178 
5183 
5187 


0.0194 
0194 
0193 
0193 
0192 
0192 
0192 
0191 
0191 
0191 



1 
2 
3 

4 
5 
6 

7 
8 
9 


10 
11 
12 
13 
U 
15 
16 
17 
18 
19 


9.9734 
9735 
9735 
9736 
9736 
9737 
9737 
9738 
9738 
9739 


0.4429 
4433 
4437 
4441 
4445 
4449 
4453 
4457 
4461 
4465 


0.02G6 
0265 
0265 
0264 
0264 
0263 
0263 
0262 
0262 
0261 


9.9761 
9761 
9762 
9762 
9763 
9763 
9764 
9764 
9764 
9765 


0.4671 
4676 
4680 
4684 
4688 
4692 
4696 
4701 
4706 
4709 


0.0239 
0239 
0238 
0238 
0237 
0237 
0236 
0236 
0236 
0235 


9.9786 
9787 
9787 
9787 
9788 
9788 
9789 
9789 
9789 
9790 


0.4925 
4930 
4934 
4938 
4943 
4947 
4951 
4956 
4960 
4965 


0.0214 
0213 
0213 
0213 
0212 
0212 
0211 
0211 
0211 
0210 


9.9810 
9810 
9811 
9811 
9811 
9812 
9812 
9812 
9813 
9813 


0.6192 
5197 
6201 
5206 
6210 
5216 
5219 
6224 
5229 
6233 


0.0190 
0190 
0189 
0189 
0189 
0188 
0188 
0188 
0187 
0187 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.9739 
9739 
9740 
9740 
9741 
9741 
9742 
9742 
9743 
9743 


0.4469 
4473 
4476 
4480 
4484 
4488 
4492 
4496 
4500 
4505 


0.0261 
0261 
0260 
0260 
0259 
0259 
0258 
0258 
0257 
0257 


9.9766 
9766 
9766 
9767 
9767 
9768 
9768 
9768 
9769 
9769 


0.4713 
4717 
4721 
4726 
4730 
4734 
4738 
4742 
4746 
4761 


0.0236 
0234 
0234 
0233 
0233 
0233 
0232 
0232 
0231 
0231 


9.9790 
9791 
9791 
9791 
9792 
9792 
9793 
9793 
9793 
9794 


0.4969 
4973 
4978 
4982 
4986 
4991 
4996 
5000 
6004 
5008 


0.0210 
0209 
0209 
0209 
0208 
0208 
0207 
0207 
0207 
0206 


9.9814 
9814 
9814 
9816 
9816 
9816 
9816 
9810 
9817 
9817 


0.6238 
5243 
5247 
5252 
5256 
5261 
5265 
5270 
5275 
5279 


0.0186 
0186 
0186 
0185 
0185 
0186 
0184 
0184 
0183 
0183 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.9743 
9744 
9744 
9745 
9745 
9746 
9746 
9747 
9747 
9747 


0.4509 
4513 
4517 
4521 
4525 
4529 
4533 
4537 
4541 
4545 


0.0257 
0256 
0256 
0255 
0255 
0254 
0254 
0253 
0253 
0253 


9.9770 
9770 
9770 
9771 
9771 
9772 
9772 
9773 
9773 
9773 


0.4766 
4769 
4763 
4767 

4772 
4776 
4780 
4784 
4788 
4793 


0.0230 
0230 
0230 
0229 
0229 
0228 
0228 
0227 
0227 
0227 


9.9794 
9796 
9795 
9796 
9796 
9796 
9797 
9797 
9797 
9798 


0.6013 
6017 
5022 
5026 
5030 
5035 
5039 
5044 
5048 
5053 


0.0206 
0206 
0206 
0205 
0204 
0204 
0203 
0208 
0203 
0202 


9.9817 
9818 
9818 
9818 
9819 
9819 
9820 
9820 
9820 
9821 


0.5284 
5289 
5293 
5298 
5303 
5307 
5312 
5317 
5321 
5326 


0.0183 
0182 
0182 
0182 
0181 
0181 
0180 
0180 
0180 
0179 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.9748 
9748 
9749 
9749 
9750 
9750 
9751 
9751 
9751 
9752 


0.4549 
4553 
4557 
4561 
4505 
4569 
4573 
4577 
4581 
4585 


0.0252 
0252 
0251 
0251 
0250 
0250 
0249 
0249 
0249 
0248 


9.9774 
9774 
9774 
9775 
9775 
9776 
9776 
9777 
9777 
9778 


0.4797 
4801 
4805 
4810 
4814 
4818 
4822 
4827 
4831 
4835 


0.0226 
0226 
0226 
0225 
0225 
0224 
0224 
0223 
0223 
0222 


9.9798 
9799 
9799 
9799 
9800 
9800 
9801 
9801 
9801 
9802 


0.5067 
5061 
5066 
5070 
5075 
5079 
5084 
5088 
5093 
6097 


0.0202 
0201 
0201 
0201 
0200 
0200 
0199 
0199 
0199 
0198 


9.9821 
9821 
9822 
9822 
9823 
9823 
9823 
9824 
9824 
9824 


0.5331 
5335 
5340 
5346 
5349 
5354 
5359 
5363 
5368 
6373 


0.0179 
0179 
0178 
0178 
0177 
0177 
0177 
0176 
0176 
0176 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


9.9752 
9753 
9753 
9754 
9754 
9755 
9755 
9755 
9756 
9756 


0.4589 
4593 
4598 
4602 
4606 
4610 
4614 
4618 
4622 
4626 


0.0248 
0247 
0247 
0246 
0246 
0245 
0245 
0245 
0244 
0244 


9.9778 
9778 
9779 
9779 
9780 
9780 
9780 
9781 
9781 
9782 


0.4839 
4844 
4848 
4852 
4857 
4861 
4865 
4869 
4874 
4878 


0.0222 
0222 
0221 
0221 
0220 
0220 
0220 
0219 
0219 
0218 


9.9802 
9802 
9803 
9803 
9804 
9804 
9804 
9806 
9805 
9806 


0.5102 
5106 
5111 
5115 
5120 
5124 
5129 
5133 
5138 
5142 


0.0198 
0198 
0197 
0197 
0196 
0196 
0196 
0195 
0195 
0194 


9.9825 
9825 
9826 
9826 
9826 
9827 
9827 
9827 
9828 
9828 


0.5378 
5382 
5387 
5392 
5397 
5301 
5306 
5311 
5316 
5420 


0.0176 
0175 
0174 
0174 
0174 
0173 
0178 
0173 
0172 
0172 


50 
61 
52 
53 
54 
56 
56 
57 
58 
59 
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112 TABLE IX. 

Logarithmic Sines, Tangents, and Cosecants. 


M. 


74 Degrees. 


76 Degrees. 


76 Degrees. 


77 Degrees. 


M. 


Sine 


Tangent 


CkMecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Coaecant 


Sine 


Tangent 


Coaecant 



1 
2 
3 
4 
5 

7 
8 
9 


9.9828 
9829 
9829 
9830 
9830 
9830 
9831 
9831 
9831 
9832 


0.5425 
5430 
5435 
5439 
5444 
5449 
5454 
5459 
5463 
5468 


0.0172 
0171 
0171 
0170 
0170 
0170 
0169 
0169 
0169 
0168 


9.9849 
9860 
9860 
9860 
9851 
9851 
9861 
9862 
9862 
9852 


0.6719 
6726 
5780 
5785 
5740 
5746 
5760 
5765 
5760 
5766 


0.0161 
0150 
0150 
0150 
0149 
0149 
0149 
0148 
0148 
0148 


9.9869 
9869 
9870 
9870 
9870 
9871 
9871 
9871 
9872 
9872 


0.6032 
6038 
6043 
6048 
6054 
0059 
6066 
6070 
6076 
6081 


0.0131 
0131 
0130 
0130 
0130 
0129 
0129 
0129 
0128 
0128 


9.9887 
9888 
9888 
9888 
9888 
9889 
9889 
9889 
9890 
9890 


0.6366 
6372 
6378 
6384 
6389 
6396 
6401 
6407 
6413 
6419 


0.0113 
0112 
0112 
0112 
0112 
0111 
0111 
0111 
0110 
0110 



1 
2 
3 
4 
6 
6 
1 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


9.9832 
9832 
9833 
9833 
9833 
9834 
9834 
9835 
9835 
9835 


0.5473 
5478 
5483 
5487 
5492 
5497 
5502 
5567 
5512 
5516 


0.0168 
0168 
0167 
0167 
0167 
0166 
0166 
0166 
0166 
0166 


9.9853 
9863 
9863 
9864 
9864 
9864 
9866 
9866 
9866 
9866 


0.6770 
6776 
5780 
6786 
5791 
5796 
5801 
5806 
5811 
6816 


0.0147 
0147 
0147 
0146 
0146 
0146 
0146 
0146 
0146 
0144 


9.9872 
9872 
9873 
9873 
9873 
9874 
9874 
9874 
9876 
9875 


0.6066 
6092 
6097 
6103 
6108 
6114 
6119 
6126 
6130 
6136 


0.0128 
0128 
0127 
0127 
0127 
0126 
0126 
0126 
0125 
0125 


9.9890 
9890 
9891 
9891 
9891 
9892 
9892 
9892 
9892 
9893 


0.6424 
6430 
6436 
6442 
6448 
6464 
6469 
6466 
6471 
6477 


0.0110 
0110 
0109 
0109 
0109 
0108 
0108 
0108 
0108 
0107 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.9836 
9836 
9836 
9837 
9837 
9837 
9838 
9838 
9838 
9839 


0.6521 
5526 
5631 
5536 
5541 
5546 
5551 
5555 
5560 
5566 


0.0164 
0164 
0164 
0163 
0163 
0163 
0162 
0162 
0162 
0161 


9.9866 
9866 

9867 
9857 
9867 
9858 
9858 
9868 
9869 
9869 


0.5822 
5827 
6832 
5837 
5842 
6847 
5853 
5868 
5863 
5868 


0.0144 
0144 
0143 
0143 
0143 
0142 
0142 
0142 
0141 
0141 


9.9876 
9876 
9876 
9876 
9876 
9877 
9877 
9877 
9878 
9878 


0.6141 
6147 
6162 
6158 
6163 
6169 
6174 
6180 
6186 
6191 


0.0125 
0124 
0124 
0124 
0124 
0123 
0123 
0123 
0122 
0122 


9.9893 
9893 
9894 
9894 
9894 
9894 
9895 
9896 
9895 
9896 


0.6483 
6489 
6496 
6501 
6507 
6613 
6519 
6626 
6531 
6636 


0.0107 
0107 
0106 
0106 
0106 
0106 
0105 
0105 
0106 
0104 


20 
21 
22 

23 
24 
25 

26 
27 

28 
29 


30 
81 
32 
33 
34 
35 
36 
37 
38 
39 


9.9839 
9839 
9839 
9840 
9841 
9841 
9841 
9842 
9842 
9842 


0.6570 
5675 
5680 
5685 
6690 
5595 
5600 
5606 
5610 
6615 


0.0161 
0161 
0161 
0160 
0159 
0169 
0169 
0158 
0158 
0168 


9.9859 
9860 
9860 
9860 
9861 
9861 
9861 
9862 
9862 
9862 


0.5873 
5879 
5884 
5889 
5894 
5900 
5906 
5910 
5916 
5921 


0.0141 
0140 
0140 
0140 
0139 
0139 
0139 
0138 
0138 
0138 


9.9878 
9879 
9879 
9879 
9880 
9880 
9880 
9880 
9881 
9881 


0.6196 
6202 
6208 
0213 
6219 
6224 
6230 
6236 
6241 
6247 


0.0122 
0121 
0121 
0121 
0120 
0120 
0120 
0120 
0119 
0119 


9.9896 
9896 
9896 
9897 
9897 
9897 
9897 
9898 
9898 
9898 


0.6542 
6648 
6664 
6660 
6566 
6672 
6678 
6684 
6691 
6597 


0.0104 
0104 
0104 
0103 
0103 
0103' 
0103 
0102 
0102 
0102 


30 
31 
32 
33 
34 
86 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


40 

41 
42 
43 
44 
45 
46 
47 
48 
49 


9.9843 
9843 
9843 
9844 
8844 
9844 
9845 
9845 
9845 
9846 


0.6619 
5624 
5629 
5634 
5639 
5644 
5649 
5654 
5659 
5664 


0.0167 
0167 
0167 
0166 
0166 
0156 
0165 
0155 
0165 
0164 


9.9863 
9863 
9863 
9864 
9864 
9864 
9866 
9865 
9866 
9866 


0.6926 
6931 
5936 
6942 
5947 
5952 
5968 
5963 
5968 
6973 


0.0137 
0137 
0137 
0136 
0136 
0136 
0135 
0135 
0136 
0134 


9.9881 
9882 
9882 
9882 
9883 
9883 
9883 
9883 
9884 
9884 


0.6252 
6258 
6264 
6269 
6276 
6281 
6286 
6292 
6298 
6303 


0.0119 
0118 
0118 
0118 
0117 
0117 
0117 
0117 
0116 
0116 


9.9899 
9899 
9899 
9899 
9900 
9900 
9900 
9901 
9901 
9901 


0.6603 
6609 
6615 
6621 
6627 
6633 
6639 
6646 
6651 
6657 


0.0101 
0101 
0101 
0101 
0100 
0100 
0100 
0099 
0099 
0099 


50 
51 
52 
53 
54 
65 
56 
57 
58 
59 


9.9846 
9846 
9847 
9847 
9847 
9848 
9848 
9848 
9849 
9849 


0.6669 
5674 
5679 
6684 
6689 
5694 
5699 
5704 
6709 
5714 


0.0164 
0154 
0153 
0153 
0153 
0152 
0152 
0152 
0151 
0151 


9.9866 
9866 
9867 
9867 
9867 
9867 
9868 
9868 
9868 
9869 


0.6979 
5984 
5989 
5995 
6000 
6006 
6011 
6016 
6022 
6027 


0.0134 
0134 
0133 
0133 
0133 
0133 
0132 
0132 
0132 
0131 


9.9884 
9885 
9885 
9885 
9885 
9886 
9886 
9886 
9886 
9887 


0.6310 
6315 
6320 
6326 
6332 
6338 
6343 
6349 
6366 
6361 


0.0116 
0115 
0115 
0116 
0115 
0114 
0114 
0114 
0114 
0113 


9.9901 
9902 
9902 
9902 
9902 
9903 
9903 
9903 
9904 
9904 


0.6664 
6670 
6676 
6682 
6688 
6694 
6701 
6707 
6713 
6719 


0.0099 
0098 
0098 
0098 
0098, 
0097 
0097 
0097 
0096 
0096 


50 
51 
62 
53 
54 
55 
56 
57 
58 
69 


^^^ 
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TABLE IX. 113 

Logarithmic Sines, Tangents, and Cosecants. 


M. 


78 Degrees. 


79 Degrees. 


80 Degrees. 


81 Degrees. 


M. 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 



1 
2 
3 
4 
5 
6 
7 
8 
9 


9.9904 
9904 
9906 
9905 
9906 
9905 
9906 
9906 
9906 
9906 


0.6726 
6731 
6738 
6744 
6750 
6756 
6763 
6769 
6775 
6781 


0.0096 
0096 
0096 
0096 
0096 
0096 
0094 
0094 
0094 
0094 


9.9919 
9920 
9920 
9920 
9920 
9921 
9921 
9921 
9921 
9922 


0.7113 
7120 
7127 
7134 
7141 
7147 
7154 
7161 
7168 
7175 


0.0081 
0080 
0080 
0080 
0080 
0079 
0079 
0079 
0079 
0078 


9.9934 
9934 
9934 
9934 
9934 
9936 
9936 
9935 
9935 
9936 


0.7537 
7544 
7552 
7569 
7566 
7574 
7581 
7589 
7696 
7604 


0.0066 
0066 
0066 
0066 
0066 
0066 
0065 
0065 
0066 
0064 


9.9946 
9946 
9947 
9947 
9947 
9947 
9947 
9948 
9948 
9948 

9.9948 
9948 
9949 
9949 
9949 
9949 
9949 
9960 
9950 
9950 


0.8003 
8011 
8019 
8027 
8036 
8044 
8052 
8061 
8069 
8077 

0.8086 
8094 
8102 
8110 
8119 
8127 
8136 
8144 
8152 
8161 


0.0064 
0054 
0063 
0053 
0063 
0063 
0063 
0062 
0062 
0052 

0.0052 
0052 
0051 
0061 
0061 
0051 
0051 
0050 
0060 
0050 




1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.9907 
9907 
9907 
9908 
9908 
9908 
9908 
9909 
9909 
9909 

9.9909 
9910 
9910 
9910 
9910 
9911 
9911 
9911 
9911 
9912 


0.6788 
6794 
6800 
6807 
6813 
6819 
6826 
6832 
6838 
6846 

0.6861 
6858 
6864 
6870 
6877 
6883 
6890 
6896 
6902 
6909 


0.0093 
0093 
0093 
0092 
0092 
0092 
0092 
0091 
0091 
0091 

0.0091 
0090 
0090 
0090 
0090 
0089 
0089 
0089 
0089 
0088 


9.9922 
9922 
9922 
9923 
9923 
9923 
9923 
9924 
9924 
9924 

9.9924 
9925 
9925 
9926 
9925 
9925 
9926 
9926 
9926 
9926 


0.7181 
7188 
7196 
7202 
7209 
7216 
7223 
7230 
7236 
7243 

0.7250 
7257 
7264 
7271 
7278 
7285 
7292 
7299 
7306 
7313 


0.0078 
0078 
0078 
0077 
0077 
0077 
0077 
0076 
0076 
0076 

0.0076 
0076 
0076 
0076 
0075 
0075 
0074 
0074 
0074 
0074 


9.9936 
9936 
9936 
9936 
9937 
9937 
9937 
9937 
9937 
9938 

9.9938 
9938 
9938 
9939 
9939 
9939 
9939 
9939 
9940 
9940 


0.7611 
7619 
7626 
7634 
7641 
7649 
7657 
7664 
7672 
7679 


0.0064 
0064 
0064 
0064 
0063 
0063 
0063 
0063 
0063 
0062 


0.7687 
7695 
7702 
7710 
7718 
7726 
7733 
7741 
7748 
7756 


0.0062 
0062 
0062 
0061 
0061 
0061 
0061 
0061 
0060 
0060 


9.9950 
9950 
9951 
9961 
9951 
9951 
9961 
9951 
9952 
9952 


0.8169 
8178 
8186 
8196 
8203 
8212 
8221 
8229 
8238 
8246 


0.0050 
0050 
0049 
0049 
0049 
0049 
0049 
0049 
0048 
0048 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.9912 
9912 
9912 
9913 
9913 
9913 
9913 
9914 
9914 
9914 


0.6915 
6922 
6928 
6936 
6941 
6948 
6954 
6961 
6967 
6974 


0.0088 
0088 
0088 
0087 
0087 
0087 
0087 
0086 
0086 
0086 


9.9927 
9927 
9927 
9927 
9928 
9928 
9928 
9928 
9929 
9929 


0.7320 
7327 
7334 
7342 
7349 
7356 
7363 
7370 
7377 
7384 

0.7391 
7399 
7406 
7413 
7420 
7427 
7435 
7442 
7449 
7466 


0.0073 
0073 
0073 
0073 
0072 
0072 
0072 
0072 
0071 
0071 


9.9940 
9940 
9940 
9941 
9941 
9941 
9941 
9942 
9942 
9942 


0.7764 

7772 
7779 
7787 
7796 
7803 
7811 
7819 
7826 
7834 


0.0060 
0060 
0060 
0069 
0059 
0069 
0059 
0058 
0058 
0058 


9.9952 
9952 
9952 
9953 
9963 
9953 
9953 
9953 
9954 
9954 

9.9954 
9964 
9954 
9964 
9966 
9955 
9955 
9956 
9965 
9966 


0.8265 
8264 
8272 
8281 
8290 
8298 
8307 
8316 
8325 
8333 


0.0048 
0048 
0048 
0047 
0047 
0047 
0047 
0047 
0046 
0046 


3t 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.9914 
9915 
9915 
9916 
9915 
9916 
9916 
9916 
9916 
9917 


0.6980 
698r 
6994 
7000 
7007 
7013 
7020 
7027 
7033 
7040 


0.0086 
0086 
0085 
0085 
0085 
0084 
0084 
0084 
0084 
0083 


9.9929 
9929 
9929 
9930 
9930 
9930 
9930 
9931 
9931 
9931 


0.0071 
0071 
0071 
0070 
0070 
0070 
0070 
0069 
0069 
0069 


9.9942 
9942 
9943 
9943 
9943 
9943 
9943 
9944 
9944 
9944 


0.7842 
7850 
7868 
7866 
7874 
7882 
7890 
7898 
7906 
7914 


0.0058 
0058 
0067 
0067 
0057 
0057 
0057 
0066 
0066 
0056 


0.8342 
8351 
8360 
8369 
8378 
8387 
8396 
8404 
8413 
8422 


0.0046 
0046 
0046 
0046 
0045 
0045- 
0045 
0045 
0045 
0044 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 

53 
64 
55 
56 

67 
58 
69 


9.9917 
9917 
9917 
9918 
9918 
9918 
9918 
9919 
9919 
9919 


0.7047 
7063 
7060 
7067 
7073 
7080 
7087 
7093 
7100 
7107 


0.0083 
0083 
0083 
0082 
0082 
0082 
0082 
0081 
0081 
0081 


9.9931 
9931 
9932 
9932 
9932 
9932 
9933 
9933 
9933 
9933 


0.7464 
7471 
7478 
7486 
7493 
7600 
7607 
7616 
7622 
7629 


0.0069 
0069 
0068 
0068 
0068 
0068 
0067 
0067 
0067 
0067 


9.9944 
9944 
9946 
9945 
9945 
9945 
9945 
9946 
9946 
9946 


0.7922 
7930 
7938 
7946 
7954 
7962 
7970 
7978 
7987 
7995 


0.0066 
0066 
0066 
0055 
0066 
0065 
0066 
0064 
0064 
0054 


9.9966 
9956 
9956 
9956 
9966 
9967 
9957 
9967 
9967 
9967 


0.8431 
8440 
8449 
8458 
8467 
8476 
8486 
8495 
8504 
8513 


0.0044 
0044 
0044 
0044 
0044 
0043 
0043 
0043 
0043 
0043 


60 
51 
62 
63 
64 
66 
66 
67 
68 
69 
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TABLE IX. 




















Logarithmic 


Sines, Tangents, i 


uid Cosecants. 










M. 


82 Degrees. 


88 Degrees. 


84 Degrees. 


86 Degrees. 


M. 






Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 




^ 


9.9968 


0.8522 


0.0042 


9.9968 


0.9109 


0.00-62 


9.9976 


0.9784 


0.0024 


9.9983 


1.0680 


0.0017 




1 


9968 


8531 


0042 


9968 


9119 


0032 


9976 


9796 


0024 


9984 


0696 


0016 


1 




2 


9968 


8640 


0042 


9968 


9130 


0032 


9976 


9808 


0024 


9984 


0610 


0016 


2 




3 


9968 


8660 


0042 


9968 


9140 


0032 


9977 


9820 


0023 


9984 


0624 


0016 


3 




4 


9968 


8569 


0042 


9968 


9161 


0032 


9977 


9833 


0023 


9984 


0639 


0016 


4 




6 


9968 


8668 


0042 


9968 


9161 


0032 


9977 


9846 


0023 


9984 


0664 


0016 


6 




6 


9969 


8577 


0041 


9968 


9172 


0032 


9977 


9867 


0023 


9984 


0669 


0016 


6 




7 


9969 


8687 


0041 


9969 


9182 


0031 


9977 


9870 


0023 


9984 


0684 


0016 


7 




8 


9969 


8696 


0041 


9969 


9193 


0031 


9977 


9882 


0023 


9984 


0698 


0016 


8 







9969 


8606 


0041 


9969 


9204 


0031 


9977 


9896 


0023 


9984 


0713 


0016 


9 




10 


9.9969 


0.8615 


0.0041 


9.9969 


0.9214 


0.0031 


9.9977 


0.9907 


0.0023 


9.9985 


1.0728 


0.0015 


10 




11 


9969 


8624 


0041 


9969 


9226 


0031 


9978 


0920 


0022 


9986 


0744 


0015 


11 




12 


9960 


8633 


0040 


9969 


9236 


0031 


9978 


9932 


0022 


9986 


0769 


0016 


12 




13 


9960 


8643 


0040 


9969 


9246 


0J31 


9978 


9945 


0022 


9986 


0774 


0016 


IS 




14 


9960 


8662 


0040 


9970 


9267 


0030 


9978 


9957 


0022 


9986 


0789 


0016 


14 




15 


9960 


8662 


0040 


9970 


9268 


0030 


9978 


9970 


0022 


9986 


0804 


0016 


15 




16 


9960 


8671 


0040 


9970 


9279 


0030 


9978 


9983 


0022 


9986 


0820 


0015 


16 




17 


9960 


8681 


0040 


9970 


9280 


0030 


9978 


9996 


0022 


9986 


0836 


0016 


17 




18 


6961 


8690 


0039 


9970 


9301 


0030 


9978 


1.0008 


0022 


9985 


0860 


0015 


18 




19 


9961 


8700 


0039 


9970 


9312 


0030 


9979 


1.0021 


0021 


9985 


0866 


0016 


19 




20 


9.9961 


0.8709 


0.0039 


9.9971 


0.9322 


0.0029 


9.9979 


1.0034 


0.0021 


9.9986 


1.0882 


0.0014 


20 




21 


9961 


8719 


0039 


9971 


9333 


0029 


9979 


0047 


0021 


9980 


0897 


0014 


21 




22 


9961 


8728 


0039 


9971 


9344 


0029 


9979 


0060 


0021 


9980 


0913 


0014 


22 




23 


9962 


8738 


0038 


9971 


9355 


0029 


9979 


0073 


0021 


9986 


0929 


0014 


23 




24 


9962 


8748 


0038 


9971 


9367 


0029 


9979 


0086 


0021 


9986 


0944 


0014 


24 




25 


9962 


8757 


0038 


9971 


9378 


0029 


9979 


0099 


0021 


9986 


0960 


0014 


25 




26 


9962 


8767 


0038 


9971 


9389 


0029 


9979 


0112 


0021 


9980 


0976 


0014 


26 




27 


9962 


8777 


0038 


9972 


9400 


0028 


9980 


0125 


0020 


9986 


0992 


0014 


27 




28 


9962 


8786 


0038 


9972 


9411 


0028 


9980 


0138 


0020 


9986 


1008 


0014 


28 




29 


9963 


8796 


0037 


9972 


9422 


0028 


9980 


0151 


0020 


9986 


1024 


0014 


29 




30 


9.9963 


0.8806 


0.0037 


9.9972 


0.9433 


0.0028 


9.9980 


1.0164 


0.0020 


9.9987 


1.1040 


0.0013 


30 




31 


9963 


8816 


0037 


9972 


9445 


0028 


9980 


0178 


0020 


9987 


1066 


0013 


31 




32 


9963 


8825 


0037 


9972 


9456 


0028 


9980 


0191 


0020 


9987 


1073 


0013 


32 




33 


9963 


8835 


0037 


9972 


9467 


0028 


9980 


0204 


0020 


9987 


1089 


0013 


33 




34 


9963 


8845 


0037 


9973 


9479 


0027 


9980 


0218 


0020 


9987 


1106 


0013 


34 




36 


9964 


8855 


0036 


9973 


9490 


0027 


9981 


0231 


0019 


9987 


1122 


0013 


35 




36 


9964 


8865 


0036 


9973 


9601 


0027 


9981 


0244 


0019 


9987 


1138 


0013 


36 




37 


9964 


8875 


0036 


9973 


9513 


0027 


9981 


0268 


0019 


9987 


1165 


0013 


37 




38 


9964 


8884 


0036 


9973 


9524 


0027 


9981 


0271 


0019 


9987 


1171 


0013 


38 




39 


9964 


8894 


0036 


9973 


9536 


0027 


9931 


0286 


0019 


9987 


1188 


0013 


39 




40 


9.9964 


0.8904 


0.0036 


9.9973 


0.9547 


0.0027 


9.9981 


1.0299 


0.0019 


9.9988 


1.1205 


O.Oul:^ 


40 




41 


9964 


8914 


0036 


9974 


9559 


0026 


9981 


0312 


0019 


9988 


1222 


0012 


41 




42 


9966 


8924 


0036 


9974 


9570 


0026 


9981 


0326 


0019 


9988 


1238 


0012 


42 




43 


9966 


8934 


0035 


9974 


9582 


0026 


9982 


0340 


0018 


9988 


1256 


0012 


43 




44 


9966 


8945 


0036 


9974 


9593 


0026 


9982 


0364 


0018 


9988 


1272 


0012 


44 




46 


9966 


8955 


0036 


9974 


9606 


0026 


9982 


0367 


0018 


9988 


1289 


0012 


46 




46 


9966 


8965 


0035 


9974 


9617 


0026 


9982 


0381 


0018 


9988 


1306 


0012 


46 




47 


9965 


8976 


0036 


9974 


9629 


0026 


9982 


0396 


0018 


9988 


1324 


0012 


47 




48 


9966 


8985 


0034 


9976 


9640 


0026 


9982 


0409 


0018 


9988 


1341 


0012 


48 




49 


9966 


8995 


0034 


9976 


9662 


0025 


9982 


0423 


0018 


9988 


1368 


0012 


49 




60 


9.9966 


0.9005 


0.0034 


9.9975 


0.9664 


0.0025 


9.9982 


1.0437 


0.0018 


9.9989 


1,1376 


0.0011 


50 




61 


9966 


9016 


0034 


9976 


9676 


0026 


9982 


0461 


0018 


9989 


1393 


0011 


61 




62 


9966 


9026 


0034 


9976 


9688 


0026 


9983 


0466 


0017 


9989 


1411 


0011 


52 




63 


9966 


9036 


0034 


9976 


9700 


0025 


9983 


0480 


0017 


9989 


1428 


0011 


53 




64 


9967 


9047 


0033 


9976 


9711 


0025 


9983 


0494 


0017 


9989 


1446 


0011 


54 




66 


9967 


9067 


0033 


9976 


9723 


0026 


9983 


0508 


0017 


9989 


1464 


0011 


65 




66 


9967 


9067 


0033 


9976 


9735 


0024 


9983 


0623 


0017 


9989 


1482 


0011 


56 




67 


9967 


9077 


0033 


9976 


9747 


0024 


9983 


0537 


0017 


9989 


1499 


0011 


57 




68 


9967 


9088 


0033 


9976 


9760 


0024 


9983 


0561 


0017 


9989 


1617 


0011 


68 1 


69 


9967 


9098 


0033 


9976 


9772 


0024 


9983 


0566 


0017 


9989 


1635 


0011 


591 


— 
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TABLE IX. 115 
logarithmic Sinea, Tangents, and Cosecants. 


M. 


86 Degrees. 


87 Degrees. 


88 Degrees. 


89 Degrees. 


M. 



1 

2 
3 
4 
5 
6 
7 
8 
9 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 


Sine 


Tangent 


Cosecant 



1 
2 
3 
4 
6 
6 
7 
8 
9 


9.9989 
9990 
9990 
9990 
9990 
9990 
9990 
9990 
9990 
9990 


1.1554 
1572 
1590 
1608 
1627 
1645 
1664 
1683 
1701 
1720 


0.0011 
0010 
0010 
0010 
0010 
0010 
0010 
0010 
0010 
0010 


9.9994 
9994 
9994 
9994 
9994 
9994 
9994 
9995 
9995 
9995 


1.2806 
2830 
2855 
2879 
2904 
2929 
2954 
2979 
3004 
3029 


0.0006 
0006 
0006 
0006 
0006 
0006 
0006 
0005 
0005 
0005 


9.9997 
9997 
9997 
9997 
9998 
9998 
9998 
9998 
9998 
9998 


1.4569 
4606 
4642 
4679 
4717 
4754 
4792 
4830 
4869 
4908 


0.0003 
0003 
0003 
0003 
0002 
0002 
0002 
0002 
0002 
0002 


9.9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
0.0000 
0.0000 


1.7681 
7654 

7728 
7804 
7880 
7959 
8038 
8120 
8202 
8287 


0.0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0000 
0000 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


y.»»uo 

9990 
9990 
9991 
9991 
9991 
9991 
9991 
9991 
9991 


1.1739 
1758 

1777 
1796 
1815 
1835 
1854 
1«^74 
1893 
1913 


0.0010 
0010 
0010 
0009 
0009 
0009 
0009 
0009 
0009 
0009 


9.9995 
9995 
9995 
9995 
9995 
9995 
9995 
9995 
9995 
9995 


1.3055 
3080 
3106 
3132 
3158 
3185 
3211 
3238 
3264 
3291 


0.0005 
0005 
0005 
0005 
0005 
0005 
0005 
0005 
0005 
0005 


9.9998 
9998 
9998 
9998 
9998 
9998 
9998 
9998 
9998 
9998 


1.4947 
4987 
5027 
5068 
5108 
5150 
5191 
5233 
5275 
5318 


0.0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


1.8373 
8460 
8550 
8641 
8735 
8830 
8928 
9028 
9130 
9235 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


10 

11 

12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.9991 
9991 
9991 
9991 
9991 
9992 
9992 
9992 
9992 
9992 


1.1933 
1953 
1972 
1992 
2012 
2033 
2053 
2073 
2094 
2114 


0.0009 
0009 
0009 
0009 
0009 
0008 
0008 
0008 
0008 
0008 


9.9995 
9995 
9995 
9995 
9996 
9996 
9996 
9996 
9996 
9996 


1.3318 
3346 
8373 
3401 
3429 
3456 
3485 
3513 
3541 
3570 


0.0005 
0005 
0005 
0005 
0004 
0004 
0004 
0004 
0004 
0004 


9.9998 
9998 
9998 
9998 
9998 
9998 
9998 
9998 
9998 
9998 


1.6362 
5405 
5449 
5494 
5539 
5584 
5630 
5677 
5724 
5771 


0.0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 
0002 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


1.9342 

9452 

9565 

9681 

9800 

9922 

2.0048 

2.0177 

2.0311 

2.0449 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.9992 
9992 
9992 
9992 
9992 
9992 
9992 
9992 
9993 
9993 


1.2155 
2156 
2177 
2198 
2219 
2240 
2261 
2283 
2304 
2326 


0.0008 
0008 
0008 
0008 
0008 
0008 
0008 
0008 
0007 
0007 


9.9996 
9996 
9996 
9996 
9996 
9996 
9996 
9996 
9996 
9996 


1.3599 
3628 
3657 
3687 
3717 
3746 
3777 
3807 
3837 
3868 


0.0004 
0004 
0004 
0004 
0004 
0004 
0004 
0004 
0004 
0004 


9.9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 


1.5819 
5868 
5917 
5967 
6017 
6068 
6119 
6171 
6224 
6277 


0.0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


2.0691 
0739 
0891 
1049 
1213 
1383 
1561 
1745 
1938 
2140 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


3C 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.9993 
9993 
9993 
9993 
9993 
9993 
9993 
9993 
9993 
9993 


1.2348 
2369 
2391 
2413 
2435 
2458 
2480 
2503 
2525 
2548 


0.0007 
0007 
0007 
0007 
0007 
0007 
0007 
0007 
0007 
0007 


9.9996 
9996 
9997 
9997 
9997 
9997 
9997 
9997 
9997 
9997 


1.3899 
3930 
3962 
3993 
4025 
4057 
4089 
4122 
4155 
4188 


0.0004 
0004 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 


9.9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 


1.6331 
6386 
6441 
6497 
6554 
6611 
6670 
6729 
6789 
6850 


0.0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


2.2352 
2575 
2810 
3058 
3322 
3602 
3901 
4223 
4571 
4949 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


9.9993 
9993 
9994 
9994 
9994 
9994 
9994 
9994 
9994 
9994 


1.2571 
2594 
2617 
2640 
2663 
2687 
2710 
2734 
2758 
2782 


0.0007 
0007 
0006 
0006 
0006 
0006 
0006 
0006 
0006 
0006 


9.9997 
9997 
9997 
9997 
9997 
9997 
9997 
9997 
9997 
9997 


1.4221 
4255 
4289 
4323 
4357 
4392 
4427 
4462 
4497 
4533 


0.0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 
0003 


9.9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 
9999 


1.6911 
6974 
7037 
7101 
7167 
7233 
7300 
7369 
7438 
7509 


0.0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 
0001 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 


2.5363 

5820 

6332 

6912 

7581 

8373 

9342 

3.0592 

3.2352 

3.5363 


0.0000 
0000 
0000 
0000 
0000 
0000 
0000 

'0000 
0000 
0000 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 































Digitized by 



Google 



11(5 TABLE X. 

Proportional L<^garithms to 3 Degrees, or 3 Hours. 


~0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Degree, or Hour. 


// 


^ 


1' 


2' 


3' 


4' 


sr 


6' 


r 


8' 


V 


lO' 


11' 


4.0334 
3.7324 
3.5563 
3.4314 
3.3345 
3.2553 
3.1883 
3.1303 
3.0792 


j.:idd3 
2.2481 
2.2410 
2.2341 
2.2272 
2.2205 
2.2139 
2.2073 
2.2009 
2.1946 


1.9542 
1.9506 
1.9471 
1.9435 
1.9400 
1.9365 
1.9331 
1.9296 
1.9262 
1.9228 


1.7782 
1.7757 
1.7734 
1.7710 
1.7686 
1.7663 
1.7639 
1.7616 
1.7593 
1.7570 


1.6532 
1.6514 
1.6496 
1.6478 
1.6460 
1.6443 
1.6425 
1.6407 
1.6390 
1.6372 


1.5563 
1.6549 
1.5534 
1.5620 
1.6506 
1.6491 
1.6477 
1.6463 
1.6449 
1.5435 


1.4771 
1.4769 
1.4747 
1.4735 
1.4723 
1.4711 
1.4699 
1.4688 
1.4676 
1.4664 


1.4102 
1.4091 
1.4081 
1.4071 
1.4061 
1.4050 
1.4040 
1.4030 
1.4020 
1.4010 


1.3522 
1.3513 
1.3604 
1.3495 
1.8486 
1.3477 
1.3468 
1.3459 
1.3460 
1.3441 


1.3010 
1.3002 
1.2994 
1.2986 
1.2978 
1.2970 
1.2962 
1.2954 
1.2946 
1.2939 


1.2553 
1.2545 
1.2538 
1.2531 
1.2524 
1.2517 
1.2510 
1.2502 
1.2495 
1.2488 


1.2139 
1.2132 
1.2126 
1.2119 
1.2113 
1.2106 
1.2099 
1.2093 
1.2086 
1.2080 




1 

2 
3 

4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


3.0334 
2.9920 
2.9542 
2.9195 
2.8873 
2.8573 
2.8293 
2.8030 
2.7782 
2.7547 


2.1883 
2.1822 
2.1761 
2.1701 
2.1642 
2.1584 
2.1526 
2.1469 
2.1413 
2.1358 


1.9195 
1.9162 
1.9128 
1.9096 
1.9063 
1.9031 
1.8999 
1.8967 
1.8935 
1.8904 


1.7547 
1.7524 
1.7501 
1.7479 
1.7456 
1.7434 
1.7412 
1.7390 
1.7868 
1.7346 


1.6365 
1.6338 
1.6320 
1.6303 
1.6286 
1.6269 
1.6252 
1.6235 
1.6218 
1.6201 


1.5421 
1.6407 
1.5393 
1.5379 
1.5366 
1.6361 
1.6337 
1.6324 
1.5310 
1.5296 


1.4652 
1.4640 
1.4629 
1.4617 
1.4606 
1.4594 
1.4582 
1.4571 
1.4559 
1.4548 


1.4000 
1.3989 
1.3979 
1.3969 
1.3959 
1.3949 
1.3939 
1.3929 
1.3919 
1.3910 


1.3432 
1.3423 
1.3416 
1.3406 
1.3397 
1.3388 
1.3379 
1.3371 
1.3362 
1.3363 


1.2931 
1.2923 
1.2916 
1.2907 
1.2899 
1.2891 
1.2883 
1.2876 
1.2868 
1.2860 


1.2481 
1.2474 
1.2467 
1.2460 
1.2453 
1.2445 
1.2438 
1.2431 
1.2424 
1.2417 


1.2073 
1.2067 
1.2061 
1.2054 
1.2048 
1.2041 
1.2085 
1.2028 
1.2022 
1.2016 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


2.7324 
2.7112 
2.6910 
2.6717 
2.6532 
2.6355 
2.6185 
2.6021 
2.5863 
2.5710 


2.1303 
2.1249 
2.1196 
2.1143 
2.1091 
2.1040 
2.0989 
2.0939 
2.0889 
2.0840 


1.8873 
1.8842 
1.8811 
1.8781 
1.8751 
1.8721 
1.8691 
1.8661 
1.8632 
1.8602 


1.7324 
1.7302 
1.7281 
1.7259 
1.7238 
1.7217 
1.7196 
1.7175 
1.7154 
1.7133 


1.6185 
1.6168 
1.6151 
1.6135 
1.6118 
1.6102 
1.6085 
1.6069 
1.6053 
1.6037 


1.5283 
1.6269 
1.5266 
1.6242 
1.6229 
1.5216 
1.5202 
1.6189 
1.5175 
1.5162 


1.4536 
1.4626 
1.4514 
1.4602 
1.4491 
1.4480 
1.4468 
1.4457 
1.4446 
1.4435 


1.3900 
1.3890 
1.3880 
1.3870 
1.3860 
1.3861 
1.3841 
1.3831 
1.3821 
1.3812 


1.3345 
1.3336 
1.8327 
1.3319 
1.3310 
1.3301 
1.3203 
1.3284 
1.3276 
1.3267 


1.2852 
1.2845 
1.2837 
1.2829 
1.2821 
1.2814 
1.2806 
1.2798 
1.2791 
1.8783 


1.2410 
1.2403 
1.2396 
1.2389 
1.2382 
1.2375 
1.2368 
1.2362 
1.2355 
1.2348 


1.2009 
1.2003 
1.1996 
1.1990 
1.1984 
1.1977 
1.1971 
1.1966 
1.1958 
1.1952 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


2.5563 
2.5421 
2.5283 
2.5149 
2.5019 
2.4894 
2.4771 
2.4652 
2.4536 
2.4424 


2.0792 
2.0744 
2.0696 
2.0649 
2.0603 
2.0557 
2.0512 
2.0467 
2.0422 
2.0378 


1.8573 
1.8544 
1.8516 
1.8487 
1.8459 
1.8431 
1.8403 
1.8375 
1.8348 
1.8320 


1.7112 
1.7091 
1.7071 
1.7050 
1.7030 
1.7010 
1.6990 
1.6970 
1.6950 
1.6930 


1.6021 
1.6005 
1.5989 
1.5973 
1.6957 
1.6941 
1.5925 
1.5909 
1.5894 
1.5878 


1.5149 
1.6136 
1.5123 
1.5110 
1.6097 
1.6084 
1.5071 
1.5068 
1.5046 
1.6032 


1.4424 
1.4412 
1.4401 
1.4390 
1.4379 
1.4368 
1.4367 
1.4346 
1.4335 
1.4325 


1.3802 
1.3792 
1.3783 
1.3773 
1.3764 
1.3754 
1.8745 
1.3735 
1.3726 
1.3716 


1.3259 
1.3260 
1.3242 
1.3233 
1.3225 
1.3216 
1.3208 
1.3199 
1.3191 
1.3183 


1.2775 
1.2768 
1.2760 
1.2753 
1.2745 
1.2738 
1.2730 
1.2722 
1.2716 
1.2707 


1.2341 
1.2334 
1.2327 
1.2320 
1.2313 
1.2307 
1.2300 
1.2293 
1.2286 
1.2279 


1.1946 
1.1939 
1.1933 
1.1927 
1.1921 
1.1914 
1.1908 
1.1902 
1.1896 
1.1889 


30 
31 
32 
33 
84 
36 
36 
37 
38 
39 


40 
41 

ti 

44 
45 
46 

47 
48 
49 


2.4314 
2.4206 
2.4102 
2.4000 
2.3900 
2.3802 
2.3707 
2.3613 
2.3522 
2.3432 


2.0334 
2.0291 
2.0248 
2.0206 
2.0164 
2.0122 
2.0081 
2.0040 
2.0000 
1.9960 


1.8293 
1.8266 
1.8239 
1.8212 
1.8186 
1.8159 
1.8133 
1.8107 
1.8081 
1.8055 


1.6910 
1.6890 
1.6871 
1.6851 
1.6832 
1.6812 
1.6793 
1.6774 
1.6755 
1.6736 


1.5863 
1.5847 
1.5832 
1.6816 
1.5801 
1.5786 
1.5771 
1.5756 
1.5740 
1.5726 


1.5019 
1.5007 
1.4994 
1.4981 
1.4969 
1.4966 
1.4943 
1.4931 
1.4918 
1.4906 


1.4314 
1.4303 
1.4292 
1.4281 
1.4270 
1.4260 
1.4249 
1.4238 
1.4228 
1.4217 


1.3707 
1.3697 
1.3688 
1.3678 
1.3669 
1.3660 
1.3660 
1.3641 
1.3632 
1.3623 


1.3174 
1.3166 
1.3158 
1.3149 
1.3141 
1.3133 
1.31^4 
1.3116 
1.3108 
1.3100 


1.2700 
1.2692 
1.2685 
1.2678 
1.2670 
1.2663 
1.2656 
1.2648 
1.2640 
1.2633 


1.2272 
1.2266 
1.2259 
1.2252 
1.2245 
1.2239 
1.2232 
1.2225 
1.2218 
1.2212 


1.1883 
1.1877 
1.1871 
1.1865 
1.1858 
1.1862 
1.1846 
1.1840 
1.1834 
1.1828 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


2.3345 
2.3259 
2.3174 
2.3091 
2.3010 
2.2931 
2.2852 
2.2775 
2.2700 
2.2626 


1.9920 
1.9981 
1.9842 
1.9803 
1.0765 
1.9727 
1.9690 
1.9652 
1.9615 
1.9579 


1.8030 
1.8004 
1.7979 
1.7954 
1.7929 
1.7904 
1.7879 
1.7855 
1.7830 
1.7806 


1.6717 
1.6698 
1.6679 
1.6661 
1.6642 
1.6624 
1.6606 
1.6587 
1.6568 
1.6550 


1.5710 
1.6695 
1.5680 
1.5666 
1.5651 
1.6636 
1.5621 
1.5607 
1.6692 
1.6578 


1.4894 
1.4881 
1.4869 
1.4856 
1.4844 
1.4832 
1.4820 
1.4808 
1.4795 
1.4783 


1.4206 
1.4196 
1.4186 
1.4175 
1.4164 
1.4164 
1.4143 
1.4133 
1.4122 
1.4112 


1.3613 
1.3604 
1.3595 
1.3586 
1.3576 
1.3567 
1.3558 
1.3549 
1.3540 
1.3531 


1.3091 
1.3083 
1.3075 
1.3067 
1.3069 
1.3051 
1.3043 
1.3034 
1.3026 
1.3018 


1.2626 
1.2618 
1.2611 
1.2604 
1.2596 
1.2689 
1.2582 
1.2574 
1.2567 
1,2560 


1.2205 
1.2198 
1.2192 
1.2185 
1.2178 
1.2172 
1.2165 
1.2169 
1.2152 
1.2145 


1.1822 
1.1816 
1.1809 
1.1803 
1.1797 
1.1791 
1.1786 
1.1779 
1.1773 
1.1767 


60 
51 
52 
53 
54 
66 
56 
67 
68 
69 
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Proportional Logarithms 


for 3 Degrees, or 


3 Hours. 








// 













Degree, 


or Hour. 










// 


i2r 


13' 


14' 


16' 


16' 


17' 


18' 


19' 


20' 


21' 


22' 


2sr 


~ 


1.1761 


1.1413 


1,1091 


10792 


1.0612 


1.024rt 


1.0000 


0.9766 


0.9642 


0.9331 


0.9128 


0.8935 


"o" 


1 


1766 


1408 


1086 


0787 


0507 


0244 


0.9996 


9761 


9639 


9327 


9126 


8932 


1 


2 


1749 


1402 


1081 


0782 


0502 


0240 


0.9992 


9768 


9536 


9324 


9122 


8929 


2 


3 


1743 


1397 


1076 


0777 


0498 


0235 


0.9988 


9754 


9532 


9320 


9119 


8926 


3 


i 


1737 


1391 


1071 


0773 


0493 


0231 


0.9984 


9750 


9628 


9317 


9116 


8923 


4 


5 


1731 


1380 


1066 


0768 


0489 


0227 


0.9980 


9746 


9624 


9313 


9112 


8920 


5 


6 


1726 


1380 


1061 


0763 


0484 


0223 


0.9976 


9742 


9621 


9310 


9109 


8917 


6 


7 


1719 


1374 


1065 


0768 


0480 


0219 


0.9972 


9739 


9517 


9306 


9106 


8913 


7 


8 


1713 


1369 


1060 


0753 


0476 


0214 


0.9968 


9736 


9614 


9303 


9103 


891U 


8 


9 


1707 


1363 


1045 


0749 


0471 


0210 


0.9964 


9731 


9610 


9300 


9099 


8907 


9 


10 


1.1701 


1.1368 


1.1040 


1.0744 


1.0467 


l.U2Utt 


0.9960 


0.9727 


0.9606 


0.9296 


0.9096 


0.8904 


10 


11 


1696 


1362 


1035 


0739 


0462 


0202 


9956 


9723 


9603 


9293 


9092 


8901 


11 


12 


1689 


1347 


1030 


0734 


0468 


0197 


9962 


9720 


9499 


9289 


9089 


8898 


12 


13 


1683 


1342 


1025 


0730 


0463 


0193 


9948 


9716 


9496 


9286 


9086 


8896 


13 


14 


1677 


1336 


1020 


0725 


0449 


0189 


9944 


9712 


9492 


9283 


9083 


8892 


14 


16 


1671 


1331 


1016 


0720 


0444 


0185 


9940 


9708 


9488 


9279 


9079 


8888 


15 


16 


1666 


1326 


1009 


0716 


0440 


0181 


9936 


9706 


9486 


9276 


9076 


8886 


16 


17 


1660 


1320 


1004 


0711 


0435 


0176 


9932 


9701 


9481 


9272 


9073 


8882 


17 


18 


1664 


1314 


0999 


0706 


0431 


0172 


9928 


9697 


9478 


9269 


9070 


8879 


18 


19 


1648 


1309 


0994 


0701 


0426 


0168 


9924 


9693 


9474 


9266 


9066 


8876 


19 


20 


1.1642 


1.1303 


1.0989 


1.0696 


1.0422 


1.0164 


0.9920 


0.9690 


0.9471 


0.9262 


0.9063 


0.8873 


20 


21 


1636 


1298 


0984 


0692 


0418 


0160 


9916 


9686 


9467 


9269 


9060 


8870 


21 


22 


1630 


1292 


0979 


0687 


0413 


0166 


9912 


9682 


9464 


9265 


9067 


8867 


22 


23 


1624 


1287 


0974 


0682 


0409 


0151 


9908 


9678 


9460 


9252 


9063 


8864 


23 


24 


1619 


1282 


0969 


0678 


0404 


0147 


9906 


9676 


9456 


9249 


9050 


8861 


24 


25 


1613 


1276 


0964 


0673 


0400 


0143 


9901 


9671 


9453 


9245 


9047 


8867 


25 


26 


1607 


1271 


0969 


0668 


0396 


0139 


9897 


9667 


9449 


9242 


9044 


8864 


26 


27 


1601 


1266 


0964 


0663 


0391 


0136 


9893 


9664 


9446 


9238 


9041 


8861 


27 


28 


1696 


1260 


0949 


0659 


0387 


0131 


9889 


9660 


9442 


9236 


9037 


8848 


28 


29 


1689 


1266 


0944 


0654 


0382 


0126 


9886 


9656 


9439 


9232 


9034 


8846 


29 


30 


1.1684 


1.1249 


1.0939 


1.0649 


1.037O 


1.0122 


0.9881 


0.9662 


0.9435 


0.922iJ 


0.9031 


0.8842 


30 


31 


1578 


1244 


0934 


0646 


0374 


0118 


9877 


9649 


9432 


9225 


9028 


8839 


31 


32 


1672 


1239 


0929 


0640 


0369 


0114 


9873 


9645 


9428 


9222 


9024 


8836 


32 


33 


1566 


1233 


0924 


0636 


0366 


0110 


9869 


9641 


9426 


9218 


9021 


8833 


33 


34 


1661 


1228 


0919 


0631 


0360 


0106 


9866 


9638 


9421 


9216 


9018 


8830 


34 


36 


1666 


1223 


0914 


0626 


0366 


0102 


9861 


9634 


9418 


9212 


9016 


8827 


35 


36 


1649 


1217 


0909 


0621 


0352 


0098 


9858 


9630 


9414 


9208 


9012 


8824 


36 


37 


1643 


1212 


0904 


0617 


0347 


0093 


9864 


9026 


9411 


9205 


9008 


8821 


37 


38 


1638 


1207 


0899 


0612 


0343 


0089 


9850 


9623 


9407 


9201 


9006 


8817 


38 


ii 


1532 


1201 


0894 


0608 


0339 


0086 


9846 


9619 


9404 


9198 


9002 


8814 


39 


40 


1.1626 


1.1196 


1.0889 


1.0603 


1.0334 


1.0081 


0.9842 


0.9616 


0.9400 


0.9196 


0.8999 


0.8811 


40 


41 


1620 


1191 


0884 


0698 


0330 


0077 


9838 


9612 


9397 


9191 


8996 


8808 


41 


42 


1616 


1186 


0880 


0694 


0326 


0073 


9834 


9608 


9393 


9188 


8992 


8806 


42 


43 


1609 


1180 


0876 


0689 


0321 


0069 


9830 


9604 


9390 


9186 


8989 


8802 


43 


44 


1603 


1176 


0870 


0586 


0317 


0066 


9827 


9601 


9386 


9181 


8986 


8799 


44 


46 


1498 


1170 


0866 


0680 


0313 


0061 


9823 


9697 


9383 


9178 


8983 


8796 


46 


46 


1492 


1164 


0860 


0576 


0308 


0067 


9819 


9693 


9379 


9176 


8980 


8793 


46 


47 


1486 


1169 


0866 


0671 


0304 


0063 


9816 


9590 


9376 


9172 


8977 


8790 


47 


48 


1481 


1164 


0860 


0666 


0300 


0049 


9811 


9686 


9372 


9168 


8973 


8787 


48 


49 


1475 


1149 


0846 


0562 


0296 


0044 


9807 


9582 


9369 


9166 


8970 


8784 


49 


60 


1.1469 


1.1143 


1.0840 


1.0667 


1.0291 


1.0040 


0.9803 


0.9679 


0.9366 


0.9162 


0.8967 


0.8781 


60 


61 


1464 


1138 


0836 


0662 


0287 


0036 


9800 


9676 


9362 


9168 


8964 


8778 


51 


62 


1468 


1133 


0831 


0648 


0282 


0032 


9796 


9671 


9368 


9166 


8961 


8776 


62 


63 


1462 


1128 


0826 


0643 


0278 


0028 


9792 


9668 


9366 


9162 


8968 


8772 


63 


64 


1447 


1123 


0821 


0539 


0274 


0024 


9788 


9664 


9351 


9148 


8964 


8769 


64 


66 


1441 


1117 


0816 


0634 


0270 


0020 


9784 


9661 


9348 


9146 


8961 


8766 


65 


66 


1436 


1112 


0811 


0630 


0266 


0016 


9780 


9567 


9344 


9142 


8948 


8763 


66 


67 


1430 


1107 


0806 


0626 


0261 


0012 


9777 


9553 


9341 


9138 


8946 


8760 


57 


68 


1424 


1102 


0801 


0621 


0257 


0008 


9773 


9560 


9337 


9135 


8942 


8767 


68 


69 


1419 


1097 


0797 


0516 


0252 


0004 


9769 


9646 


9334 


9132 


8939 


8754 


69 


^^ 
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Proportional Logarithms for 3 Degrees, or 3 Hours. 


// 


Degree, or Hour, 


// 


24' 


25' 


26' 


27' 


28' 


29' 


SC 


31' 


BT 


ssr 


34' 


ay 



1 
2 
3 
4 
6 
6 
7 
8 



8761 
8718 
8745 
8742 
8739 
8736 
8733 
8730 
8727 
8724 


8673 
8670 
8568 
8565 
8562 
8659 
8556 
8563 
8660 
8647 


8403 
8400 
8397 
8395 
8392 
8389 
8386 
8384 
8381 
8378 


8239 
8236 
8234 
8231 
82)38 
8226 
8223 
8220 
8218 
8215 


8081 
8079 
8076 
8073 
8071 
8068 
8066 
8063 
8061 
8068 


7929 
7926 
7924 
7921 
7919 
7916 
7914 
7911 
7909 
7906 


7782 
7779 
7777 
7774 
7772 
7770 
7767 
7766 
7762 
7760 


7639 
7637 
7634 
7632 
7630 
7627 
7625 
7623 
7621 
7618 


7601 
7499 
7497 
7494 
7492 
7490 
7488 
7486 
7483 
7481 


7368 
7365 
7863 
7361 
7369 
7367 
7364 
7362 
7360 
7348 


7238 
7236 
7234 
7232 
7229 
7227 
7226 
7223 
7221 
7219 


7112 
7110 
7108 
7106 
7104 
7102 
7100 
7098 
7096 
7094 



1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
16 
16 

n 

18 
19 


8721 
8718 
8715 
8712 
8709 
8706 
8703 
8700 
8697 
8694 


8645 
8542 
8639 
8636 
8533 
8630 
8627 
8524 
8522 
8619 


8376 
8373 
8370 
8367 
8364 
8361 
8359 
8356 
8363 
8350 


8212 
8210 
8207 
8204 
8202 
8199 
8196 
8194 
8191 
8188 


8065 
8063 
8060 
8048 
8045 
8043 
8040 
8037 
8035 
8032 


7904 
7901 
7899 
7896 

7894 
7892 
7889 
7887 
7884 
7882 


7768 
7755 
7753 
7750 
7748 
7746 
7743 
7741 
7738 
7736 


7616 
7614 
7611 
7609 
7607 
7604 
7602 
7600 
7697 
7696 


7479 
7476 
7474 
7472 
7470 
7467 
7465 
7463 
7461 
7469 


7346 
7344 
7341 
7339 
7337 
7336 
7333 
7331 
7328 
7326 


7217 
7215 
7213 
7210 
7208 
7206 
7204 
7202 
7200 
7198 


7091 
7089 
7087 
7085 
7083 
7081 
7079 
7077 
7076 
7073 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


8601 
8688 
8685 
8682 
8679 
8676 
8673 
8670 
8667 
8664 


8516 
8613 
8610 
8607 
8504 
8502 
8499 
8496 
8493 
8490 


8348 
8345 
8342 
8339 
8337 
8334 
8331 
.8329 
8326 
8323 


8186 
8183 
8181 
8178 
8175 
8173 
8170 
8167 
8165 
8162 


8030 
8027 
8025 
8022 
8020 
8017 
8014 
8012 
8009 
8007 


7879 

7877 
7874 
7872 
7869 
7867 
7864 
7862 
7859 
7867 


7734 
7731 
7729 
7726 
7724 
7722 
7719 
7717 
7715 
7712 


7693 
7690 
7688 
7686 
7583 
7581 
7579 
7577 
7674 
7672 


7466 
7464 
7462 
7450 
7447 
7445 
7443 
7441 
7438 
7436 


7324 
7322 
7320 
7317 
7315 
7313 
7311 
7309 
7307 
7304 


7196 
7194 
7191 
7189 
7187 
7185 
7183 
7181 
7179 
7177 


7071 
7069 
7067 
7065 
7063 
7061 
7059 
7067 
7055 
7063 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


8661 
8658 
8655 
8662 
8649 
8646 
8643 
8640 
8638 
8635 


8487 
8485 
8482 
8479 
8476 
8473 
8470 
8468 
8465 
8462 


8320 
8318 
8315 
8312 
8309 
8307 
8304 
8301 
8299 
8296 


8169 
8167 
8164 
8162 
8149 
8146 
8144 
8141 
8138 
8136 


8004 
8002 
7999 
7997 
7994 
7992 
7990 
7987 
7984 
7982 


7866 
7852 
7850 
7847 
7846 
7842 
7840 
7837 
7836 
7833 


7710 

7707 
7705 
7703 
7700 
7698 
7696 
7693 
7691 
7688 


7670 
7667 
7665 
7663 
7560 
7668 
7656 
7654 
7661 
7649 


7434 
7432 
7429 
7427 
74^5 
7423 
7421 
7418 
7416 
7414 


7302 
7300 
7298 
7296 
7294 
7292 
7289 
7287 
7285 
7288 


7175 
7172 
7170 
7168 
7166 
7164 
7162 
7160 
7158 
7166 


7050 
7048 
7046 
7044 
7042 
7040 
7038 
7036 
7034 
7032 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


8632 
8629 
8626 
8623 
8620 
8617 
8614 
8611 
8608 
8605 


8469 
8466 
8463 
8461 

8448 
8446 
8442 
8439 
8437 
8434 


8293 
8290 
8288 
8286 
8282 
8280 
8277 
8274 
8271 
8269 


8133 
8131 
8128 
8125 
8123 
8120 
8118 
8115 
8112 
8110 


7979 
7976 
7974 
7971 
7969 
7966 
7964 
7961 
7969 
7956 


7830 

7828 
7826 
7823 
7820 
7818 
7816 
7813 
7811 
7808 


7686 
7684 
7681 
7679 
7677 
7674 
7672 
7670 
7667 
7666 


7547 
7544 
7542 
7540 
7538 
7635 
7633 
7631 
7629 
7626 


7412 
7410 
7407 
7405 
7403 
7401 
7398 
7396 
7394 
7392 


7281 
7279 
7276 
7274 
7272 
7270 
7268 
7266 
7264 
7261 


7164 
7162 
7149 
7147 
7146 
7143 
7141 
7139 
7137 
7135 


7030 
7'028 
7026 
7024 
7022 
7020 

<roi8 

7016 
7014 
7012 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


8602 
8600 
8597 
8694 
8591 
8688 
8686 
8582 
8679 
8676 


8431 
8428 
8425 
8423 
8420 
8417 
8414 
8411 
8409 
8406 


8266 
8263 
8261 
8268 
8255 
8253 
8260 
8247 
8246 
8242 


8107 
8105 
8102 
8099 
8097 
8094 
8092 
8089 
8086 
8084 


7954 
7951 
7949 
7946 
7944 
7941 
7939 
7936 
7934 
7931 


7806 
7803 
7801 
7798 
7796 
7794 
7791 
7789 
7786 
7784 


7663 
7660 
7668 
7666 
7663 
7661 
7649 
7646 
7644 
7641 


7524 
7622 
7619 
7617 
7615 
7613 
7610 
7508 
7506 
7504 


7390 
7387 
7385 
7383 
7381 
7379 
7376 
7374 
7372 
7370 


7269 
7257 
7255 
7253 
7251 
7249 
7247 
7244 
7242 
7240 


7133 
7131 
7129 
7127 
7125 
7122 
7120 
7118 
7116 
7114 


7010 
7008 
7006 
7004 
7002 
7000 
6998 
6996 
6994 
6992 


50 
51 
52 
63 
54 
55 
56 
57 
58 
69 


w 
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Proportional Logarithms for 3 Degrees, or 


3 Hours. 























Degree, 


or Hour. 










// 


86' 


37' 


SS' 


39' 


iC 


41' 


43' 


43' 


44' 


45' 


46' 


47' 




6990 


6871 


6766 


6642 


6632 


6426 


6320 


6218 


6118 


6021 


6925 


6832 


~ 


1 


6988 


6869 


6753 


6640 


6530 


6423 


6319 


6216 


6117 


6019 


6924 


6830 


1 


2 


6986 


6867 


6751 


6638 


6529 


6421 


6317 


6216 


6116 


6017 


6922 


5829 


2 


3 


6984 


6866 


6749 


6637 


6527 


6420 


6316 


6213 


6113 


6016 


6920 


6827 


8 


4 


6982 


6863 


6747 


6636 


6625 


6418 


6313 


6211 


6112 


6014 


6919 


6826 


4 


5 


6980 


6861 


6746 


6633 


6523 


6416 


6312 


6210 


6110 


6013 


6917 


6824 


6 


6 


6978 


6859 


6744 


6631 


6621 


6414 


6310 


6208 


6108 


6011 


6916 


6823 


6 


7 


6976 


6867 


6742 


6629 


6520 


6413 


6308 


6206 


6107 


6009 


6914 


6821 


7 


8 


6974 


6866 


6740 


6627 


6518 


6411 


6307 


6206 


6105 


6003 


6913 


6819 


8 


9 
10 


6972 ' 
6970 


' 6853 
6851 


6738 
6736 


6626 


6516 


6409 


6305 


6203 


6103 
6102 


6006 


6911 


6818 


9 


6624 


6514 


6407 


6303 


6201 


6006 


5909 


6816 


10 


11 


6968 


6849 


6734 


6622 


6512 


6406 


6301 


6200 


6100 


6003 


6908 


6816 


11 


12 


6966 


6847 


6732 


6620 


6511 


6404 


6300 


6198 


6099 


6001 


6906 


6813 


12 


13 


6964 


6845 


6730 


6618 


6509 


6402 


6298 


6196 


6097 


6000 


6905 


6812 


13 


U 


6962 


6843 


6728 


6616 


6507 


6400 


6296 


6196 


6095 


5998 


6903 


6810 


14 


15 


6960 


6842 


6726 


6614 


6505 


6399 


6296 


6193 


6094 


6997 


6902 


6809 


16 


16 


6958 


6840 


6726 


6613 


6503 


6397 


6293 


6191 


6092 


6996 


6900 


6807 


16 


17 


6956 


6838 


6723 


6611 


6502 


6395 


6291 


6190 


6090 


6993 


6899 


5806 


17 


18 


6964 


6836 


6721 


6609 


6500 


6393 


6289 


6188 


6089 


6992 


6897 


6804 


18 


19 


6962 


6834 


6719 


6607 


6498 


6392 


6288 


6186 


6087 


6990 


6896 


6803 


19 


20 


6960 


6832 


6717 


6606 


6496 


6390 


6286 


6185 


6086 


6989 


6894 


6801 


20 


21 


6948 


6830 


6716 


6603 


6494 


6388 


6284 


6183 


6084 


6987 


6892 


6800 


21 


22 


6946 


6828 


6713 


6601 


6493 


6386 


6283 


6181 


6082 


6986 


6891 


6798 


22 


23 


6944 


6826 


6711 


6600 


6491 


6386 


6281 


6180 


6081 


6984 


6889 


6797 


23 


24 


6942 


6824 


6709 


6598 


6489 


6383 


6279 


6178 


6079 


69^2 


6888 


6795 


24 


26 


6940 


6822 


6708 


6596 


6487 


6381 


6277 


6176 


6077 


6981 


6886 


6793 


25 


26 


6938 


6820 


6706 


6594 


6485 


6379 


6276 


6176 


6076 


6979 


6884 


6792 


26 


27 


6936 


6818 


6704 


6592 


6484 


6378 


6274 


6173 


6074 


6977 


6883 


6790 


27 


28 


6934 


6816 


6702 


6690 


6482 


6376 


6272 


6171 


6072 


6976 


6881 


6789 


28 


29 


6932 


6814 


6700 


6689 


6480 


6374 


6271 


6170 


6071 


6974 


6880 


6787 


29 


30 


6930 


6812 


6698 


6587 


6478 


6372 


6269 


6168 


6069 


6973 


6878 


6786 


30 


81 


6328 


6811 


6696 


6686 


6476 


6371 


6267 


6166 


6068 


6971 


6877 


6784 


31 


32 


6926 


6809 


6694 


6583 


6475 


6369 


6266 


6166 


6066 


6969 


6875 


6783 


32 


33 


6924 


6807 


6693 


6581 


6473 


6367 


6264 


6163 


6064 


5968 


6874 


5781 


33 


34 


6922 


6805 


6691 


6579 


6471 


6366 


6262 


6161 


6063 


6966 


6872 


6780 


34 


36 


6920 


6803 


6689 


6578 


6469 


6364 


6260 


6160 


6061 


6966 


6870 


6778 


36 


36 


6918 


6801 


6687 


6576 


6468 


6362 


6269 


6168 


6069 


6963 


6869 


6777 


36 


37 


6916 


6799 


6686 


6674 


6466 


6360 


6267 


6166 


6058 


6962 


6867 


6776 


37 


38 


6914 


6797 


6683 


6672 


6464 


6358 


6266 


6155 


6066 


6960 


6866 


6774 


38 


39 


6912 


6795 


6681 


6570 


6462 


6367 


6254 


6163 


6066 


6958 


6864 


6772 


39 


40 


6910 


6793 


6679 


6569 


6460 


6366 


6262 


6151 


6063 


6967 


6863 


6771 


40 


41 


6908 


6791 


6678 


6567 


6469 


6353 


6260 


6160 


6061 


6956 


6861 


6769 


41 


42 


6906 


6789 


6676 


6665 


6457 


6351 


6249 


6148 


6050 


6964 


6860 


6768 


42 


43 


6904 


6787 


6674 


6563 


6455 


6350 


6247 


6146 


6048 


6962 


6868 


6766 


43 


44 


6902 


6786 


6672 


6561 


6453 


6348 


6246 


6145 


6046 


6950 


6857 


6766 


44 


46 


6900 


6784 


6670 


6569 


6461 


6346 


6243 


6143 


6046 


6949 


6866 


6763 


46 


46 


6898 


6782 


6668 


6568 


6460 


6344 


6242 


6141 


6043 


6947 


5853 


6762 


46 


47 


6896 


6780 


6666 


6656 


6448 


6343 


6240 


6140 


6042 


6946 


6852 


6760 


47 


48 


6894 


6778 


6664 


6554 


6446 


6341 


6238 


6138 


6040 


6944 


6860 


6768 


48 


49 


6892 


6776 


6663 


6562 


6444 


6339 


6237 


6136 


6038 


6943 


6849 


6767 


60 


50 


6890 


6774 


6661 


6560 


6443 


6338 


6236 


6136 


6037 


6941 


6847 


6756 


51 


6888 


6772 


6659 


6548 


6441 


6336 


6233 


6133 


6036 


6939 


6846 


6764 


61 


52 


6886 


6770 


6657 


6547 


6439 


6334 


6232 


6131 


6034 


6938 


6844 


6762 


52 


53 


6884 


6768 


6656 


6546 


6437 


6332 


6230 


6130 


6032 


6936 


6843 


6761 


53 


54 


6883 


6766 


6663 


6543 


6436 


6331 


6228 


6128 


6030 


6935 


6841 


5749 


64 


55 


6881 


6764 


6661 


6541 


6484 


6329 


6227 


6126 


6029 


6933 


6840 


6748 


55 


66 


6879 


6763 


6660 


6539 


6432 


6327 


6226 


6126 


6027 


6931 


5838 


6746 


66 


57 


6877 


6761 


6648 


6638 


6430 


6326 


6223 


6123 


6025 


6930 


5836 


6746 


67 


58 


6876 


6759 


6646 


6536 


6428 


6324 


6221 


6122 


6024 


6928 


6836 


6743 


68 


69 


6873 


6757 


6644 


6634 


6427 


6322 


6220 


6120 


6022 


6927 


6833 


6742 


59 


-•^ 
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Proportional Logarithms for 3 Degrees, or 3 Hours. 


// 


Degree, or Hour. 


// 


48' 


40' 


60^ 


61' 


62' 


53' 


M' 


66' 


66' 


67' 


68' 


69' 




1 
2 
3 
4 
6 
6 
1 
8 
9 


6740 
6739 
6737 
6736 
6734 
6733 
6731 
6730 
6728 
6727 


6661 
6649 
6648 
5646 
5646 
5643 
6642 
6640 
6639 
6638 


5663 
5662 
6660 
6669 
6667 
5666 
6664 
6653 
6662 
6660 


6477 
6476 
6474 
6473 

6471 
6470 
5469 
6467 
6466 
6464 


6393 
5391 
6390 
6389 
6387 
5386 
5384 
6383 
5382 
6380 


6310 
6309 
6307 
6306 
6306 
6303 
6302 
6300 
5299 
5298 


6229 
6227 
6226 
6226 
6228 
5222 
5221 
6210 
5218 
6217 


6149 
6148 
6147 
6145 
6144 
6143 
6141 
6140 
6139 
6137 


6071 
6070 
5068 
6067 
6066 
6064 
6068 
6062 
6061 
6059 


4994 
4998 
4991 
4990 
4989 
4988 
4986 
4986 
4984 
4988 


4918 

4917 

4916 

4916 

4914 

4912 

4911 

4910 

4909 , 

4907 


4844 
4848 
4842 
4841 
4839 
4838 
4837 
4836 
4834 
4888 



1 
2 
8 
4 
6 
6 
7 
8 
9 


10 
11 
12 
18 
U 
15 
16 
11 
18 
19 


5726 
6724 
6722 
6721 
6719 
6718 
6716 
5716 
6713 
6712 


6636 
6635 
6633 
6632 
6630 
5629 
6627 
6626 
6624 
6623 


6649 
5647 
6646 
6644 
6543 
6641 
6640 
5639 
6637 
6536 


6463 
6461 
5460 
6469 
6457 
6466 
6454 
6463 
6462 
6450 


5379 
5377 
5376 
5376 
6373 
5372 
6371 
5369 
5368 
5366 


6296 
6296 
6294 
5292 
6291 
6290 
6288 
6287 
5286 
6284 


5215 
6214 
6213 
6211 
5210 
6209 
6207 
6206 
6205 
6203 


5136 
6186 
6133 
6^32 
6181 
6129 
6128 
5127 
6126 
6124 


5068 
6067 
6066 
6064 
6068 
6062 
6060 
6049 
6048 
6046 


4981 
4980 
4979 
4978 
4976 
4975 
4974 
4972 
4971 
4970 


4906 
4906 
4904 
4902 
4901 
4900 
4899 
4897 
4896 
4896 


4832 
4831 
4830 

4828 
4827 
4826 
4826 
4823 
4822 
4821 


10 
11 
12 
18 
14 
16 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


6710 
6709 
6707 
6706 
6704 
6703 
6701 
6700 
6698 
6697 


6621 
6620 
6018 
6617 
6616 
6614 
6613 
6611 
6610 
5608 


6534 
5533 
6531 
6630 
6628 
6627 
6526 
6524 
6623 
6621 


6449 
5447 
6446 
6446 
5443 
6442 
5440 
6439 
5438 
6436 


6366 
5364 
5362 
6361 
5369 
5358 
6357 
6366 
6354 
6363 


6283 
6281 
6280 
6279 
6277 
6276 
6275 
5273 
5272 
6271 


5202 
6201 
6199 
6198 
5197 
5196 
6194 
5198 
6191 
6190 


6123 
6122 
6120 
6119 
6118 
5116 
5116 
6114 
5112 
5111 


6046 
5044 
6043 
6041 
6040 
6039 
6037 
5036 
6036 
6034 


4969 
4967 
4966 
4965 
4964 
4962 
4961 
4960 
4969 
4967 


4894 
4892 

4891 
4890 
4889 
4887 
4886 
4886 
4884 
4882 


4820 
4819 
4817 
4816 
4815 
4814 
4812 
4811 
4810 
4809 


20 
21 
22 
28 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


6696 
6694 
6692 
6691 
6689 
6688 
6686 
6686 
6683 
6682 


6607 
5606 
6604 
6602 
6601 
5699 
6598 
6696 
6696 
5594 


6620 
6618 
6617 
6616 
6614 
6513 
6611 
6510 
6608 
6607 


6436 
5433 
6432 
6430 
6429 
6428 
6426 
6426 
6423 
5422 


6361 
6350 
5348 
6347 
6346 
5344 
6343 
6342 
6340 
6339 


6269 
6268 
6267 
6266 
6264 
6262 
6261 
6260 
6268 
6267 


6189 
6187 
5186 
6186 
5184 
6182 
5181 
6180 
5178 
6177 


6110 
6109 
6107 
6106 
6105 
6108 
6102 
5101 
6099 
6098 


dUd2 
6081 
6030 
6028 
6027 
6026 
6025 
6028 
5022 
6021 


4956 
4965 
4954 
4952 
4961 
4960 
4949 
4947 
4946 
4945 


4881 
4880 
4879 
4878 
4876 
4876 
4874 
4878 
4871 
4870 


48U8 
4806 
4806 
4804 
4808 
4802 
4800 
4799 
4798 
4797 


30 
81 
32 
33 
34 
S5 
36 
37 
88 
89 
40 
41 
42 
48 
44 
46 
46 
47 
48 
49 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


5680 
6679 
6677 
6676 
6675 
6673 
6672 
6670 
6669 
5667 


6692 
5691 
6689 
5688 
6586 
6686 
6683 
6682 
6580 
6679 


6606 

6604 

5503- 

6601 

6600 

6498 

5497 

5496 

6494 

6493 


6421 
6419 
6418 
6416 
5416 
6414 
6412 
6411 
6409 
6408 


6337 
6336 
6335 
6333 
6332 
5331 
5329 
6328 
5326 
5325 


6256 
6264 
6263 
6262 
6260 
5249 
6248 
5246 
5245 
6244 


6176 
6174 
6173 
5172 
5170 
6169 
6168 
5166 
6165 
5164 


6097 
6096 
5094 
6098 
5092 
6090 
6089 
5088 
5086 
6085 


6019 
6018 
6017 
6016 
5014 
6013 
5012 
6011 
6009 
6008 


4944 
4942 
4941 
4940 
4939 
4937 
4936 
4935 
4933 
4932 


4869 i 

4868 

4866 

4&66 

4864 

4868 

4861 

4860 

4869 

4858 


4795 

4794 
4798 
4792 
4791 
4789 
4788 
4787 
4786 
4786 


60 
51 
52 
53 
54 
56 
66 
67 
58 
59 


5666 
6664 
6663 
6661 
6660 
5658 
6667 
6666 
6664 
6662 


6578 
5576 
5676 
6573 
6672 
6570 
6669 
6667 
6666 
6566 


6491 
6490 

6488 
5487 
6486 
5484 
6483 
6481 
5480 
6478 


6407 
6406 
6404 
6402 
6401 
6400 
6398 
6397 
6396 
5394 


6324 
6322 
6321 
6320 
5318 
6317 
6316 
5314 
6313 
5311 


6242 
6241 
6240 
5238 
6237 
6236 
6234 
6233 
5232 
6230 


6162 
6161 
6160 
6168 
6157 
6156 
6164 
6163 
6162 
6160 


6084 
6088 
6081 
6080 
6079 
6077 
6076 
5076 
6078 
6072 


6007 
6005 
6004 
6008 
6002 
6000 
4999 
4998 
4997 
4996 


4931 
4930 
4928 
4927 
4926 
4926 
4923 
4922 
4921 
4920 


4867 
4856 
4864 
4863 
4852 
4850 
4849 
4848 
4847 
4846 


4788 
4782 
4781 
4780 
4779 
4777 
4776 
4776 
4774 
4772 


60 
51 
62 
58 
54 
65 
66 
67 
68 
69 
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TABLE X. 121 

Proportional Logarithms for 3 Degrees, or 3 Hours. 


ff 


1 Degree, or 1 Hour. 


// 


O' 


1' 


V 


3' 


4' 


6' 


6' 


r 


8' 


9' 


\V 


ir 


12^ 


13' 


14' 



1 
2 
3 

4 
5 
6 

n 

8 
9 


4771 
4770 
4769 
4768 
4766 
4766 
4764 
4763 
4762 
4760 


4699 
4698 
4697 
4696 
4695 
4693 
4692 
4691 
4690 
4689 


4629 
4628 
4626 
4626 
4624 
4623 
4622 
4621 
4619 
4618 


4d6» 
4568 
4667 
4666 
4655 
4654 
4552 
4661 
4660 
4649 


4491 
4490 
4489 

4488 
4486 
4485 
4484 
4483 
4482 
4481 


4424 
4422 
4421 
4420 
4419 
4418 
4417 
4416 
4416 
4414 


4357 
4366 
4356 
4354 
4353 
4362 
4361 
4360 
4349 
4347 


4292 
4291 
4290 
4289 

4288 
4287 
4285 
4284 
4283 
4282 


4228 
4227 
4226 
4224 
4223 
4222 
4221 
4220 
4219 
4218 


4164 
4163 
4162 
4161 
4160 
4159 
4158 
4167 
4156 
4165 


4102 
4101 
4100 
4099 
4098 
4097 
4096 
4095 
4093 
4092 


4040 
4039 
4038 
4037 
4036 
4035 
4034 
4033 
4032 
4031 


3u7tf 
3978 
3977 
3976 
3976 
3974 
3973 
3972 
3971 
3970 


3919 
3919 
3918 
3917 
3916 
3916 
3914 
3913 
3912 
3911 


3aoU 
3869 
3868 
3858 
3866 
3866 
3866 
3864 
3863 
3862 



1 
2 
3 
4 
6 
6 
7 
8 
9 


10 
11 
12 
13 
U 
16 
16 

\n 

18 
19 


4769 
4768 
4767 
4766 
4764 
4763 
4762 
4761 
4760 
4748 


4688 
4686 
4686 
4684 
4683 
4682 
4680 
4679 
4678 
4677 


4617 
4616 
4616 
4614 
4612 
4611 
4610 
4609 
4608 
4607 


4648 
4547 
4646 
4644 
4643 
4642 
4641 
4640 
4639 
4638 


4480 
4479 
4477 
4476 
4476 
4474 
4473 
4472 
4471 
4469 


4412 
4411 
4410 
4409 
4408 
4407 
4406 
4405 
4404 
4402 


4346 
4345 
4344 
4343 
4342 
4341 
4340 
4339 
4338 
4336 


4281 
4280 
4279 
4278 
4277 
4276 
4276 
4274 
4273 
4272 


4217 
4216 
4216 
4214 
4213 
4212 
4211 
4210 
4209 
4207 


4154 
4163 
4162 
4151 
4150 
4149 
4147 
4146 
4146 
4144 


4091 
4090 
4089 
4088 
4087 
4086 
4086 
4084 
4083 
4082 


4030 
4029 
4028 
4027 
4026 
4025 
4024 
4023 
4022 
4021 


3969 
3968 
3967 
3966 
3966 
3964 
3963 
3962 
3961 
3960 


3910 
3909 
8908 
3907 
3906 
3906 
3904 
3903 
3902 
3901 


3851 
3850 
3849 
3848 
3847 
3846 
3846 
3844 
3843 
3842 


10 
U 
12 
13 
14 
16 
16 
17 
18 
19 


20 
21 
22 
23 

24 
25 
26 

27 
28 
29 


4747 
4746 
4746 
4744 
4742 
4741 
4740 
4739 
4738 
4736 


4676 
4676 
4673 
4672 
4671 
4670 
4669 
4668 
4666 
4666 


4606 
4604 
4603 
4602 
4601 
4600 
4599 
4597 
4696 
4696 


4636 
4536 
4534 
4533 
4632 
4631 
4630 
4628 
4627 
4526 


4468 
4467 
4466 
4465 
4464 
4463 
4462 
4460 
4469 
4458 


4401 
4400 
4399 
4398 
4397 
4396 
4396 
4394 
4393 
4391 


4335 
4334 
4333 
4332 
4331 
4330 
4329 
4328 
4327 
4326 


4270 
4269 
4268 
4267 
4266 
4266 
4264 
4263 
4262 
4261 


4206 
4206 
4204 
4203 
4202 
4201 
4200 
4199 
4198 
4197 


4143 
4142 
4141 
4140 
4139 
4138 
4137 
4136 
4136 
4134 


4081 
4080 
4079 
4078 
4077 
4076 
4076 
4074 
4073 
4072 


4020 
4019 
4018 
4017 
4016 
4016 
4014 
4013 
4012 
4011 


3969 
3958 
3967 
3966 
3956 
3964 
3953 
3952 
3951 
3950 


3900 
3899 
3898 
8897 
3896 
8896 
3894 
3893 
3892 
3891 


3841 
3840 
3839 
3838 
3837 
3836 
3836 
3834 
3833 
3832 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


4735 
4734 
4733 
4732 
4730 
4729 
4728 
4727 
4726 
4724 


4664 
4663 
4662 
4660 
4669 
4658 
4667 
4666 
4666 
4663 


4594 
4693 
4692 
4690 
4689 
4688 
4587 
4686 
4686 
4584 


4525 
4624 
4523 
4622 
4620 
4519 
4518 
4517 
4616 
4616 


4467 
4466 
4466 
4454 
4463 
4462 
4460 
4449 
4448 
4447 


4390 
4389 
4388 
4387 
4386 
4385 
4384 
4383 
4381 
4380 


4325 
4323 
4322 
4321 
4320 
4319 
4318 
4317 
4316 
4316 


4260 
4269 
4268 
4266 
4266 
4254 
4253 
4262 
4261 
4260 


4196 
4196 
4194 
4193 
4192 
4191 
4189 
4188 
4187 
4186 


4133 
4132 
4131 
4130 
4129 
4128 
4127 
4126 
4126 
4124 


4071 
4070 
4069 
4068 
4067 
4066 
4066 
4064 
4063 
4062 


4010 
4009 
4008 
4007 
4006 
4005 
4004 
4003 
4002 
4001 


3949 
3948 
3947 
3946 
3946 
8944 
3943 
3942 
3941 
3940 


3890 
3889 

3888 
3887 
3886 
3886 
3884 
3883 
3882 
3881 


3831 
3830 
3829 
3828 
3827 
3826 
3826 
3824 
3823 
3822 


3C 
31 
32 
33 
34 
36 
36 
37 
38 
39 


4723 
4722 
4721 
4720 
4718 
4717 
4716 
4716 
4714 
4712 


4662 
4661 
4660 
4649 
4648 
4646 
4646 
4644 
4643 
4642 


4582 
4581 
4680 
4679 
4678 
4577 
4676 
4674 
4673 
4672 


4614 
4612 
4611 
4610 
4509 
4608 
4607 
4606 
4605 
4603 


4446 
4445 
4444 
4443 
4441 
4440 
4439 
4438 
4437 
4436 


4379 
4378 
4377 
4376 
4376 
4374 
4373 
4372 
4370 
4369 


4314 
4313 
4311 
4310 
4309 
4308 
4307 
4306 
4305 
4304 


4249 
4248 
4247 
4246 
4246 
4244 
4243 
4241 
4240 
4239 


4185 
4184 
4183 
4182 
4181 
4180 
4179 
4178 
4177 
4176 


4122 
4121 
4120 
4119 
4118 
4117 
4116 
4116 
4114 
4113 


4061 
4060 
4069 
4068 
4057 
4066 
4064 
4053 
4052 
4051 


4000 
3999 
3998 
3997 
3996 
3995 
3993 
3992 
3991 
3990 


3939 
3938 
3937 
3936 
3936 
3934 
8933 
3932 
3931 
3930 


3880 
3879 
3878 
3877 
3876 
3876 
3874 
3873 
3872 
3871 


3821 
3820 
3820 
3819 
3818 
3817 
3816 
3815 
3814 
3813 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


60 
61 
62 
63 
64 
^b 
66 
57 
58 
69 


4711 
4710 
4709 
4708 
4707 
4706 
4704 
4703 
4702 
4701 


4640 
4639 
4638 
4637 
4636 
4636 
4633 
4632 
4631 
4630 


4671 
4670 
4669 
4667 
4666 
4666 
4664 
4663 
4662 
4660 


4502 
4501 
4500 
4499 
4498 
4497 
4496 
4494 
4493 
4492 


4436 
4434 
4433 
4431 
4430 
4429 
4428 
4427 
4426 
4425 


4368 
4367 
4366 
4366 
4364 
4363 
4362 
4361 
4369 
4358 


4303 
4302 
4301 
4300 
4298 
4297 
4296 
4295 
4294 
4293 


4238 
4237 
4236 
4235 
4234 
4233 
4232 
4231 
4230 
4229 


4176 
4174 
4173 
4172 
4171 
4169 
4168 
4167 
4166 
4165 


4112 
4111 
4110 
4109 
4108 
4107 
4106 
4105 
4104 
4103 


4060 
4049 
4048 
4047 
4046 
4046 
4044 
4043 
4042 
4041 


3989 
3988 
3987 
3986 
3986 
3984 
3983 
3982 
3981 
3980 


3929 
3928 
3927 
8926 
8926 
3924 
3923 
3922 
3921 
3920 


3870 
3869 
3868 
3867 
3866 
3866 
3864 
3863 
3862 
3861 


3812 
3811 
3810 
3809 
3808 
3807 
3806 
3806 
3804 
3803 


50 
61 
62 
63 
64 
bb 
66 
67 
68 
59 
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122 TABLE X. 

Proportional Logarithms for 3 Degrees, or 3 Hours. 


ff 


1 Degree, or 1 Hoar. 


// 


\^ 


16' 


\r \W 


19^ 


20^ 


21' 


22' 


23' 


24' 


26' 


26' 


27' 


28' 


29' 




1 

2 
3 

5 
6 

7 
8 
9 


3802 
3801 
3800 
3799 
3798 
3797 
3796 
3795 
3794 
3793 


3745 
3744 
3743 
3742 
3741 
3740 
3739 
3738 
3737 
3736 


3688 
3687 
8686 
3685 
3684 
3683 
3682 
3681 
3680 
3679 


3632 
3631 
3630 
8629 
3628 
3627 
3626 
8625 
3624 
3623 


3676 
3576 
3575 
3574 
3573 
3572 
3571 
3670 
3569 
8568 


3522 
8521 
3520 
3619 
3618 
8517 
3516 
3516 
3616 
3514 


3468 
3467 
3466 
3465 
8464 
3463 
3463 
3462 
3461 
3460 


3415 
3414 
3413 
3412 
3411 
3410 
3409 
3408 
3408 
3407 


3362 
3361 
3360 
3369 
3359 
3368 
3367 
3356 

3364 


3310 
3309 
3308 
3307 
3307 
3306 
3305 
3304 
3303 
3302 


325tf 
8268 
3267 
8266 
8265 
3254 
3253 
3253 
8252 
3261 


3^08 
3207 
3206 
3205 
3204 
3204 
3203 
3202 
3201 
8200 


3158 
3157 
3156 
8165 
3154 
8153 
3163 
3162 
3161 
3160 


3108 
8107 
3106 
3106 
3105 
3104 
3103 
3102 
8101 
8101 


3059 
3068 
8067 
3056 
3056 
8056 
3054 
8053 
3052 
3052 



1 
2 
3 
4 
6 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


3793 
3792 
3791 
3790 
3789 
3788 
3787 
3786 
3786 
3784 


3735 
3734 
3733 
3732 
3731 
3730 
3729 
8728 
3728 
3727 


3678 
3678 
3677 
8676 
3675 
3674 
3673 
8672 
3671 
3670 


3623 
3622 
3621 
3620 
3619 
3618 
3617 
3616 
3616 
3614 


3567 
3666 
8666 
8665 
3564 
3563 
3662 
3561 
3660 
3559 


3613 
3512 
3511 
3610 
3509 
3508 
3507 
3507 
3506 
3505 


345» 
3468 
8457 
3456 
3465 
3455 
3464 
3463 
3462 
3451 


3406 
3405 
3404 
8403 
3402 
3401 
3401 
3400 
3399 
3398 


d3d3 
3362 
3362 
3361 
3350 
3349 
3348 
3347 
3346 
3345 


3301 
3301 
3300 
3299 
8298 
3297 
8296 
3295 
3294 
3294 


3250 
3249 
3248 
3248 
8247 
3246 
3245 
3244 
3243 
3242 


3199 
8199 
3198 
3197 
3196 
3196 
3194 
3194 
3193 
3192 


8149 
3148 
3148 
3147 
3146 
3145 
3144 
3143 
3143 
3142 


3100 
3099 
3098 
3097 
3096 
3096 
3096 
8094 
3093 
3092 


3051 
3060 
3049 
8048 
8048 
3047 
8046 
3045 
3044 
3043 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


20 
21 
22 
28 
24 
25 
26 
27 
28 
29 


3783 
3782 
3781 
3780 
3779 
3778 
3777 
3776 
3775 
3774 


3726 
3726 
3724 
3723 
3722 
3721 
3720 
3719 
8718 
3717 


366^ 
3668 
3667 
3666 
3665 
3664 
8663 
3663 
3662 
3661 


3613 
3612 
3611 
3611 
3610 
3609 
3608 
3607 
3606 
3605 


3658 
3657 
3556 
3655 
3555 
3554 
3553 
3562 
8551 
3660 


3504 
3603 
3502 
3501 
3600 
3499 
3498 
3498 
3497 
8496 


3450 
8449 
3448 
3447 
3447 
3446 
a445 
3444 
3443 
3442 


339 f 
3396 
3396 
3394 
3394 
3393 
3392 
3391 
3390 
3389 


8345 
8344 
3343 
8842 
3841 
3340 
3339 
3339 
8338 
3337 


3293 
3292 
329^1 
3290 
3289 
3288 
3288 
8287 
8286 
3286 


3242 
3241 
3240 
3239 
3238 
3237 
3237 
3236 
3236 
8234 


3191 
8190 
3189 
3188 
3188 
3187 
3186 
3185 
3184 
3183 


3141 
3140 
3139 
3138 
3138 
3137 
8136 
3136 
3184 
8134 


3092 
3091 
3090 
3089 
3088 
3087 
3087 
3086 
3085 
3084 


3043 
3042 
8041 
3040 
3039 
3039 
3038 
3037 
3036 
3035 


20 

21 

22 

23 

24 

26 

26 

27 ■ 

28 

29 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


3773 
3772 
3771 
3770 
3769 
3769 
3768 
3767 
3766 
3766 


3716 
3716 
3714 
3713 
3712 
3711 
3710 
3710 
3709 
3708 


3660 
3659 
3658 
3657 
3656 
3656 
3664 
3653 
3662 
3651 


3604 
3603 
3602 
3601 
3600 
3699 
3599 
3598 
8697 
3596 


3649 
3548 
3547 
3546 
3645 
3545 
3544 
3643 
3642 
3641 


3496 
3494 
3493 
3492 
8491 
3490 
8489 
3489 
3488 
3487 


3441 
3440 
3439 
3439 
3438 
3437 
3436 
8436 
3434 
3433 


3388 
3387 
3386 
3386 
3386 
3384 
8383 
3382 
3381 
3380 


3336 
3335 
3334 
3333 
3332 
3832 
3331 
3330 
3329 
3328 


3284 
3283 
3282 
3282 
3281 
3280 
8279 
3278 
8277 
3277 


3233 
3232 
3281 
3231 
3230 
3229 
3228 
3227 
3226 
3226 


3183 
3182 
8181 
3180 
3179 
3178 
3178 
3177 
3176 
3176 


3133 
3132 
8181 
3130 
3129 
3129 
3128 
8127 
3126 
3126 


3083 
3083 
3082 
8081 
8080 
3079 
8078 
3078 
3077 
3076 


3035 
3034 
3033 
3032 
3031 
3031 
3030 
3029 
3028 
3027 


'30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


3764 
3763 
3762 
3761 
3760 
3769 
3758 
3767 
3766 
3755 


3707 
8706 
3705 
3704 
3703 
3702 
3701 
3700 
3699 
3698 


3650 
3649 
3649 
3648 
3647 
3646 
8645 
8644 
3643 
3642 


3596 
3594 
3598 
3592 
3591 
3590 
3589 
8588 
3688 
3587 


3640 
8539 
8538 
3637 
3636 
3536 
3535 
3534 
3533 
3532 


3486 
3486 
3484 
3483 
3482 
3481 
3480 
8480 
3479 
3478 


3432 
3431 
8431 
3430 
8429 
3428 
8427 
3426 
3425 
3424 


3379 
3379 
3378 
3377 
3376 
3376 
3374 
3373 
3372 
3372 


8327 
3326 
3326 
3325 
3324 
3323 
3322 
3821 
8320 
3319 


3276 
3275 
3274 
8273 
3272 
3271 
8271 
3270 
3269 
3268 


3225 
3224 
3223 
3222 
8221 
3220 
3220 
3219 
3218 
3217 


8174 
3178 
3173 
3172 
3171 
3170 
3169 
3168 
3168 
3167 


3124 
3124 
8128 
8122 
8121 
3120 
3119 
3119 
3118 
3117 


3076 
3074 
3074 
3073 
8072 
3071 
3070 
8069 
3069 
8068 


3026 
3026 
8025 
3024 
3023 
3022 
3022 
3021 
3020 
3019 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
61 
62 
63 

64 
56 
66 

67 
68 
69 


3754 
3753 
3752 
3761 
3750 
3749 
3748 
3747 
3747 
3746 


3697 
3696 
3696 
8694 
3694 
3693 
3692 
3691 
3690 
3689 


3641 
3640 
3639 
3638 
3637 
3636 
3636 
3636 
3634 
3633 


3586 
3585 
3584 
3583 
3682 
3581 
3580 
3679 
3678 
3677 


3531 
8580 
3529 
3528 
3527 
3626 
3526 
8525 
3524 
3523 


3477 
3476 
3476 
3474 
3478 
3472 
8472 
3471 
3470 
3469 


8423 
3423 
3422 
8421 
3420 
3419 
8418 
3417 
3416 
3416 


3371 
3370 
3369 
3368 
3367 
3366 
3366 
3366 
3364 
3363 


3319 
3818 
3817 
8816 
8316 
8314 
3313 
3313 
3312 
3311 


8267 
8266 
3266 
8266 
3264 
3263 
3262 
3261 
3260 
3259 


3216 
3215 
3215 
8214 
3213 
3212 
3211 
3210 
3209 
3209 


3166 
3165 
3164 
3163 
3168 
8162 
3161 
3160 
8169 
3168 


3116 
3116 
3115 
3114 
3113 
3112 
3111 
3110 
8110 
3109 


3067 
3066 
3065 
3066 
8064 
3063 
3062 
8061 
3061 
3060 


3018 
3018 
3017 
3016 
3015 
3014 
3014 
3013 
8012 
3011 


60 
61 
62 
63 
64 
bb 
66 
67 
58 
59 










1 1 
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TABLE X. 123 

Proportional Logarithms for 3 Degrees, or 3 Hours. 


- 


1 Degree, or 1 Hour. 


// 


SO' j 31' 


32^ 


sy 


34' 


36^ 


86' 


37' 


88' 


8^ 


40' 


41' 


42' 


43' 


44' 




1 
2 
3 
4 
5 
6 
7 
8 
9 


3010 
3010 
3009 
3008 
3007 
3006 
3006 
3006 
3004 
3003 


2962 
2962 
2961 
2960 
2969 
2968 
2968 
2967 
2956 
2955 


2916 
2914 
2913 
2913 
2912 
2911 
2910 
2909 
2909 
2908 


2868 
2867 
2866 
2860 
2866 
2864 
2863 
2863 
2862 
2861 


2821 
2821 
2820 
2819 
2818 
2818 
2817 
2816 
2815 
2815 


2776 
2775 
2774 
2773 
2772 
2772 
2771 
2770 
2769 
2769 


2730 
2729 
2729 
2728 
2727 
2726 
2726 
2725 
2724 
2723 


2685 
2684 
2684 
2683 
2682 
2681 
2681 
2680 
2679 
2678 


2640 
2640 
2639 
2638 
2638 
2637 
2636 
2635 
2635 
2634 


2596 
2696 
2595 
2694 
2593 
2693 
2592 
2591 
2691 
2590 


2553 
2662 
2551 
2551 
2650 
2549 
2548 
2548 
2547 
2546 


2510 
2509 
2508 
2507 
2507 
2506 
2606 
2605 
2604 
2503 


2467 
2466 
2465 
2465 
2464 
2463 
2463 
2462 
2461 
2460 


2424 
2424 
2423 
2422 
2422 
2421 
2420 
2419 
2419 
2418 


2382 
2382 
2381 
2380 
2380 
2379 
2378 
2378 
2377 
2376 



1 
2 
3 
4 
6 
6 
7 
8 
9 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


3002 
3002 
3001 
3000 
2999 
2998 
2998 
2997 
2996 
2995 


2954 
2954 
2963 
2962 
2951 
2950 
2950 
2949 
2948 
2947 


2907 
2906 
2906 
2905 
2904 
2903 
2902 
2902 
2901 
2900 


2860 
2859 
2859 
2858 
2857 
2856 
2856 
2865 
2864 
2853 


2814 
2813 
2812 
2811 
2811 
2810 
2809 
2808 
2808 
2807 


276a 
2767 
2766 
2766 
2765 
2764 
2763 
2763 
2762 
2761 


2723 
2722 
2721 
2720 
2720 
2719 
2718 
2717 
2717 
2716 


207« 
2677 
2676 
2675 
2676 
2674 
2678 
2672 
2672 
2671 


2633 
2632 
2632 
2631 
2630 
2629 
2629 
2628 
2627 
2627 


2689 
2688 
2688 
2687 
2586 
2685 
2586 
2584 
2583 
2683 


2546 
2646 
2544 
2543 
2543 
2542 
2541 
2540 
2540 
2539 


2602 
2502 
2601 
2500 
2600 
2499 
2498 
2497 
2497 
2496 


2460 
2459 
2458 
2458 
2457 
2456 
2456 
2455 
2454 
2453 


2417 
2417 
2416 
2416 
2415 
2414 
2413 
2412 
2412 
2411 


2375 
2375 
2374 
2373 
2373 
2372 
2371 
2371 
2370 
2369 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


2994 
2993 
2993 
2992 
2991 
2990 
2989 
2989 
2988 
2987 


2946 
2946 
2945 
2944 
2943 
2943 
2942 
2941 
2940 
2939 


2899 

2898 
2898 
2897 
2896 
2895 
2894 
2894 
2893 
2892 


2852 
2862 
2861 
2850 
2849 
2849 
2848 
2847 
2846 
2845 


2806 
2805 
2805 
2804 
2803 
2802 
2802 
2801 
2800 
2799 


2760 

2760 

2759- 

2768 

2757 

2767 

2766 

2765 

2754 

2763 


2716 
2714 
2714 
2713 
2712 
2711 
2711 
2710 
2709 
2708 


2670 
2669 
2669 
2668 
2667 
2666 
2666 
2666 
2664 
2663 


2626 
2625 
2624 
2624 
2623 
2622 
2621 
2621 
2620 
2619 


2682 
2681 
2580 
2680 
2579 
2578 
2577 
2577 
2576 
2576 


2538 
2638 
2537 
2636 
2636 
2636 
2534 
2633 
2533 
2632 


2495 
2495 
2494 
2493 
2492 
2492 
2491 
2490 
2490 
2489 


2463 
2462 
2461 
2460 
2460 
2449 
2448 
2448 
2447 
2446 


2410 
2410 
2409 
2408 
2408 
2407 
2406 
2406 
2406 
2404 


2369 
2368 
2367 
2366 
2366 
2365 
2364 
2364 
2363 
2362 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


2986 
2985 
2985 
2984 
2983 
2982 
2981 
2981 
2980 
2979 
2978 
2978 
2977 
2976 
2976 
2974 
2974 
2973 
2972 
2971 


2939 
2938 
2937 
2936 
2935 
2936 
2934 
2933 
2932 
2931 
2931 
2930 
2929 
2928 
2928 
2927 
2926 
2925 
2924 
2924 


2891 
2891 
2890 

2889 
2888 
2887 
2887 
2886 
2885 
2884 
2884 
2883 
2882 
2881 
2880 
2880 
2879 
2878 
2877 
2877 


2845 
2844 
2843 
2842 
2842 
2841 
2840 
2839 
2838 
2838 

2837 
2836 
2835 
2835 
2834 
2833 
2832 
2832 
2831 
2830 


2798 
2798 
2797 
2796 
2796 
2795 
2794 
2793 
2792 
2792 
2791 
2790 
2789 
2789 
2788 
2787 
2786 
2786 
2786 
2784 


2763 
2762 
2751 
2750 
2750 
2749 
2748 
2747 
2747 
2746 
2745 
2744 
2744 
2743 
2742 
2741 
2741 
2740 
2739 
2738 


2708 
2707 
2706 
2705 
2705 
2704 
2703 
2702 
2702 
2701 
2700 
2699 
2699 
2698 
2697 
2696 
2696 
2696 
2694 
2693 


2663 
2662 
2661 
2661 
2660 
2659 
2658 
2658 
2667 
2666 
2655 
2655 
2654 
2663 
2652 
2652 
2661 
2650 
2649 
■2649 


2618 
2618 
2617 
2616 
2615 
2616 
2614 
2613 
2613 
2612 
2611 
2610 
2610 
2609 
2608 
2607 
2607 
2606 
2605 
2604 


2675 
2574 
2573 
2572 
2672 
2571 
2570 
2569 
2569 
2668 
2567 
2667 
2666 
2666 
2664 
2664 
2563 
2662 
2561 
2661 


2531 
2630 
2630 
2529 
2528 
2528 
2527 
2526 
2625 
2525 
2624 
2523 
2522 
2622 
2521 
2520 
2620 
2619 
2518 
2517 


2488 
2487 
2487 
2486 
2486 
2485 
2484 
2483 
2482 
2482 
2481 
2480 
2480 
2479 
2478 
2477 
2477 
2476 
2476 
2475 


2446 
2445 
2444 
2443 
2443 
2442 
2441 
2441 
2440 
2439 
2438 
2438 
2437 
2436 
2436 
2436 
2434 
2434 
2433 
2432 


2403 
2403 
2402 
2401 
2401 
2400 
2399 
2398 
2398 
2397 
2396 
2396 
2395 
2394 
2394 
2393 
2392 
2391 
2391 
2390 


2362 
2361 
2360 
2360 
2359 
2368 
2357 
2357 
2356 
2356 
2355 
2364 
2363 
2353 
2352 
2351 
2361 
2360 
2349 
2348 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


60 
61 
52 
53 
64 
65 
66 
67 
68 
69 


2970 
2970 
2969 
2968 
2967 
2966 
2966 
2965 
2964 
2963 


2923 
2922 
2921 
2920 
2920 
2919 
2918 
2917 
2916 
2916 


2876 
2875 
2874 
2874 
2873 
2872 
2871 
2870 
2870 
2869 


2829 

2828 
2828 
2827 
2826 
2825 
2825 
2824 
2823 
2822 


2783 
2782 
2782 
2781 
2780 
2779 
2779 
2778 
2777 
2776 


2738 
2737 
2736 
2736 
2736 
2734 
2733 
2732 
2732 
2731 


2693 
2692 
2691 
2690 
2690 
2689 
2688 
2688 
2687 
2686 


2648 
2647 
2646 
2646 
2646 
2644 
2643 
2643 
2642 
2641 


2604 
2603 
2602 
2602 
2601 
2600 
2699 
2599 
2598 
2697 


2660 
2659 
2669 
2558 
2657 
2566 
2656 
2656 
2664 
2653 


2517 
2616 
2515 
2616 
2514 
2513 
2512 
2612 
2511 
2510 


2474 

2473 
2472 
2472 
2471 
2470 
2470 
2469 
2468 
2467 


2431 
2431 
2430 
2429 
2429 
2428 
2427 
2427 
2426 
2425 


2389 
2389 
2388 
2387 
2387 
2386 
2385 
2385 
2384 
2383 


2348 
2347 
2346 
2346 
2346 
2344 
2344 
2343 
2342 
2842 


60 
51 
62 
53 
54 
55 
56 
57 
68 
59 


~ 




































Digitized by 



Google 



124 








TABLE X. 

Proportional Logarithms for 3 Degrees, or 3 Hours 












o" 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


1 Degree, or 1 Hour. 


f/ 


45' 

2341 
2340 
2340 
3339 
2338 
2837 
2337 
2336 
2335 
2335 
2334 
2333 
2333 
2332 
2331 
2331 
2330 
2329 
2328 
2328 


46' 


47' 


48' 


49' 


50' 


51' 


52^ 


53' 


64' 


55' 


56' 


67' 


58' 


59' 


2300 
2299 
2298 
2298 
2297 
2296 
2296 
2295 
2294 
2294 


22o» 
2258 
2258 
2267 
2256 
2256 
2255 
2254 
2254 
2263 


2218 
2218 
2217 
2217 
2216 
2215 
2215 
2214 
2213 
2213 


2178 
2178 
2177 
2177 
2176 
2175 
2175 
2174 
2173 
2178 


2139 
2138 
2138 
2137 
2136 
2136 
2136 
2134 
2134 
2133 


2099 
2099 
2098 
2098 
2097 
2096 
2096 
2095 
2094 
2094 


2061 
2060 
2059 
2059 
2058 
2057 
2057 
2066 
2065 
2055 


2022 
2021 
2021 
2020 
2019 
2019 
2018 
2018 
2017 
2016 


1984 
1983 
1982 
1982 
1981 
1981 
1980 
1979 
1979 
1978 


1946 
1946 
1945 
1944 
1943 
1943 
1942 
1941 
1941 
1940 


1908 
1908 
1907 
1906 
1906 
1905 
1904 
1904 
1903 
1903 


1871 
1870 
1870 
1869 
1868 
1868 
1867 
1867 
1866 
1865 


1834 
1833 
1833 
1832 
1832 
1831 
1830 
1830 
1829 
1828 


1797 
1797 
1796 
1795 
1795 
1794 
1794 
1793 
1792 
1792 



1 
2 
3 
4 
5 
6 
7 
8 
9 


2293 
2292 
2292 
2291 

2290 
2289 
2289 
2288 
2287 
2287 


2252 
2252 
2251 
2250 
2249 
2249 
2248 
2247 
2247 
2246 


2212 
2211 
2211 
2210 
2209 
2208 
2208 
2207 
2206 
2206 


2172 
2171 
2171 
2170 
2169 
2169 
2168 
2167 
2167 
2166 


2132 
2132 
2131 
2130 
2130 
2129 
2128 
2128 
2127 
2126 


2093 
2092 
2092 
2091 
2090 
2090 
2089 
2088 
2088 
2087 


2054 
2053 
2053 
2052 
2052 
2051 
2050 
2050 
2049 
2048 


2016 
2015 
2014 
2014 
2013 
2012 
2012 
2011 
2010 
2010 


1977 
1977 
1976 
1975 
1975 
1974 
1974 
1973 
1972 
1972 


1940 
1939 
1938 
1938 
1937 
1936 
1936 
1935 
1934 
1934 


1902 
1901 
1901 
1900 
1899 
1899 
1898 
1898 
1897 
1896 


1866 
1864 
1863 
1863 
1862 
1862 
1861 
1860 
1860 
1859 


1828 
1827 
1827 
1826 
1825 
1825 
1824 
1824 
1823 
1822 


1791 
1791 
1790 
1789 
1789 
1788 
1788 
1787 
1786 
1786 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


2327 
2326 
2326 
2325 
2324 
2324 
2323 
2322 
2322 
2321 


2286 
2285 
2285 
2284 
2283 
2283 
2282 
2281 
2281 
2280 


2246 
2245 
2244 
2243 
2243 
2242 
2241 
2241 
2240 
2239 


2205 
2204 
2204 
2203 
2202 
2202 
2201 
2200 
2200 
2199 


2166 
2165 
2164 
2163 
2163 
2162 
2161 
2161 
2160 
2159 


2126 
2125 
2124 
2124 
2123 
2122 
2122 
2121 
2120 
2120 


2087 
2086 
2085 
2085 
2084 
2083 
2083 
2082 
2081 
2081 


2048 
2047 
2046 
2046 
2045 
2044 
2044 
2043 
2043 
2042 


2009 
2009 
2008 
2007 
2007 
2006 
2006 
2006 
2004 
2003 


1971 
1970 
1970 
1969 
1969 
1968 
1967 
1967 
1966 
1965 


1933 
1933 
1932 
1931 
1931 
1930 
1929 
1929 
1928 
1928 


1896 
1895 
1894 
1894 
1893 
1893 
1892 
1891 
1891 
1890 


1859 
1858 
1857 
1867 
1866 
1855 
1855 
1854 
1854 
1853 


1822 
1821 
1820 
1820 
1819 
1819 
1818 
1817 
1817 
1816 


1786 
1785 

17»4 
1783 
1783 
1782 
1782 
1781 
1780 
1780 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


2320 
2320 
2319 
2318 
2318 
2317 
2316 
2315 
2315 
2314 


2279 
2279 
2278 
2277 
2277 
2276 
2275 
2275 
2274 
2273 


2239 
2238 
2237 
2237 
2236 
2235 
2235 
2234 
2233 
2233 


2198 
2198 
2197 
2196 
2196 
2195 
2194 
2194 
2193 
2192 


2159 
2158 
2157 
2157 
2156 
2155 
2155 
2154 
2153 
2153 


2119 
2118 
2118 
2117 
2117 
2116 
2115 
2115 
2114 
2113 


2080 
2079 
2079 
2078 
2077 
2077 
2076 
2075 
2075 
2074 


2041 
2041 
2040 
2039 
2039 
2038 
2037 
2037 
2036 
2035 


2003 
2002 
2002 
2001 
2000 
2000 
1999 
1998 
1998 
1997 


1905 
1964 
1963 
1963 
1962 
1962 
1961 
1960 
1960 
1969 


1927 
1926 
1926 
1925 
1924 
1924 
1923 
1923 
1922 
1921 


1890 
1889 

1888 
1888 
1887 
1886 
1886 
1885 
1885 
1884 


1852 
1862 
1851 
1861 
1860 
1849 
1849 
1848 
1847 
1847 


1»10 
1815 
1814 
1814 
1813 
1813 
1812 
1811 
1811 
1810 


1779 
1778 
1778 
1777 
1777 
1776 
1775 
1775 
1774 
1774 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 

44 
45 
46 

47 
48 
49 


2313 
2313 
2312 
2311 
2311 
2310 
2309 
2309 
2308 
2307 


2272 
2272 
2271 
2270 

2270 
2269 
2268 
2268 
2267 
2266 


2232 
2231 
2231 
2230 
2229 
2229 
2228 
2227 
2227 
2226 


2192 
2191 
2190 
2190 
2189 
2188 
2188 
2187 
2186 
2186 


2152 
2161 
2151 
2150 
2149 
2149 
2148 
2147 
2147 
2146 


2113 
2112 
2111 
2111 
2110 
2109 
2109 
2108 
2107 
2107 


2074 
2073 
2072 
2072 
2071 
2070 
2070 
2069 
2068 
2068 


2035 
2034 
2034 
2033 
2032 
2032 
2031 
2030 
2030 
2029 


1996 
1996 
1996 
1995 
1994 
1993 
1993 
1992 
1991 
1991 


1958 
1958 
1967 
1957 
1956 
1955 
1965 
1954 
1953 
1953 


1921 
1920 
1919 
1919 
1918 
1918 
1917 
1916 
1916 
1916 


1883 
1883 
1882 
1881 
1881 
1880 
1880 
1879 
1878 
1878 


1846 
1846 
1846 
1844 
1844 
1843 
1843 
1842 
1841 
1841 


1809 
1809 
1808 
1808 
1807 
1806 
1806 
1805 
1805 
1804 


1773 
1772 
1772 
1771 
1771 
1770 
1769 
1769 
1768 
1768 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
68 
59 


2307 
2306 
2305 
2304 
2304 
2303 
2302 
2302 
2301 
2300 


2266 
2265 
2264 
2264 
2268 
2262 
2262 
2261 
2260 
2260 


2225 
2225 
2224 
2223 
2223 
2222 
2221 
2221 
2220 
2219 


2185 
2184 
2184 
2183 
2182 
2182 
2181 
2181 
2180 
2179 


2145 
2145 
2144 
2143 
2143 
2142 
2141 
2141 
2140 
2140 


2106 
2105 
2106 
2104 
2103 
2103 
2102 
2102 
2101 
2100 


2067 
2066 
2066 
2065 
2064 
2064 
2063 
2063 
2062 
2061 


2028 
2028 
2027 
2026 
2026 
2026 
2025 
2024 
2023 
2023 


1990 
1989 
1989 
1988 
1988 
1987 
1986 
1986 
1985 
1984 


1962 
1951 
1961 
1950 
1960 
1949 
1948 
1948 
1947 
1946 


1914 
1914 
1913 
1913 
1912 
1911 
1911 
1910 
1909 
1909 


1877 
1876 
1876 
1875 
1875 
1874 
1878 
1873 
1872 
1872 


1840 
1839 
1839 
1838 
1838 
1837 
1836 
1836 
1836 
1835 


1803 
1803 
1802 
1802 
1801 
1800 
1800 
1799 
1799 
1798 


1767 
1766 
1766 
1765 
1765 
1764 
1763 
1763 
1762 
1762 


50 
51 
62 
53 
54 
65 
56 
57 
58 
59 
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TABLE X. 125 

Proportional Logarithms for 3 Degrees, or 3 Hours. 


// 


2 Degrees, or 2 Hours. 1 


// 


(/ 


V 


^ 


3' 


4' 


6' 


6' 


r 


8' 


9' 


lO' 


IV 


12^ 


13' 


14' 



1 
2 
3 
4 
5 
6 
1 
8 
9 


1761 
1760 
1760 
1769 
1769 
1768 
1767 
1767 
1756 
1756 


1724 
1724 
1723 
1723 
1722 
1721 
1721 
1720 
1720 


1689 
1689 
1688 
1687 
1687 
1686 
1686 
1686 
1684 
1684 


1654 
1663 
1663 
1652 
1651 
1651 
1650 
1650 
1640 
1648 


L6ltf 
1618 
1617 
1617 
1616 
1616 
1616 
1614 
1614 
1613 


1584 
1583 
1583 
1582 
1581 
1681 
1580 
1580 
1579 
1678 


I6^\i 
1648 
1548 
1547 
1647 
1646 
1646 
1546 
1644 
1544 


1515 
1514 
1514 
1613 
1612 
1612 
1611 
1611 
1510 
1510 


1481 
1480 
1480 
1479 
1478 
1478 
1477 
1477 
1476 
1476 


1447 
1446 
1446 
1445 
1445 
1444 
1444 
1443 
1442 
1442 


1413 

1413 

1412 

1412 

1411 

1411, 

1410 

1409 

1409 

1408 


1380 
1380 
1379 
1378 
1378 
1377 
1377 
1376 
1376 
1376 


1347 
1346 
1346 
1346 
1345 
1344 
1344 
1343 
1343 
1342 


1314 
1314 
1313 
1313 
1312 
1312 
1311 
1310 
1310 
1309 


1282 
1281 
1281 
1280 
1280 
1279 
1278 
1278 
1277 
1277 



1 
2 
3 
4 
6 
6 
7 
8 
9 


10 
11 
12 
13 
U 
16 
16 
17 
18 
19 


1766 
1764 
1764 
1763 
1763 
1762 
1761 
1761 
1760 
1760 


1719 
1718 
1718 
1717 
1717 
1716 
1716 
1716 
1714 
1714 


1683 
1683 
1682 
1681 
1681 
1680 
1680 
1679 
1679 
1678 


1648 
1647 
1647 
1646 
1645 
1646 
1644 
1644 
1643 
1643 


1613 
1612 
1612 
1611 
1610 
1610 
1609 
1609 
1608 
1607 


1578 
1577 
1577 
1676 
1576 
1676 
1574 
1574 
1573 
1573 


1543 
1643 
1542 
1642 
1641 
1640 
1640 
1639 
1639 
1638 


1509 
1508 
1508 
1607 
1507 
1606 
1506 
1506 
1504 
1504 


1476 
1474 
1474 
1473 
1473 
1472 
1472 
1471 
1471 
1470 


1441 
1441 
1440 
1440 
1439 
1438 
1438 
1437 
1437 
1436 


1408 
1407 
1407 
1406 
1406 
1406 
1404 
1404 
1403 
1403 


1375 
1374 
1373 
1373 
1372 
1372 
1371 
1371 
1370 
1370 


1342 
1341 
1340 
1340 
1339 
1339, 
1338 
1338 
1337 
1337 


1309 
1308 
1308 
1307 
1307 
1306 
1306 
1306 
1304 
1304 


1276 
1276 
1275 
1276 
1274 
1274 
1273 
1273 
1272 
1271 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


20 
21 
22 
23 
24 
26 
26 
27 
28 
20 


1749 
1748 
1748 
1747 
1747 
1746 
1746 
1746 
1744 
1744 


1713 
1712 
1712 
1711 
1711 
1710 
1709 
1709 
1708 
1708 


1677 
1677 
1676 
1676 
1676 
1674 
1674 
1673 
1673 
1672 


1642 
1641 
1641 
1640 
1640 
1639 
1638 
1638 
1637 
1637 


1607 
1606 
1606 
1606 
1606 
1604 
1603 
1603 
1602 
1602 


1572 
1572 
1571 
1570 
1670 
1569 
1669 
1568 
1667 
1667 


1538 
1537 
1536 
1636 
1636 
1535 
1634 
1634 
1633 
1532 


1603 
1503 
1502 
1602 
1601 
1501 
1600 
1499 
1499 
1498 


1469 
1469 
1468 
1468 
1467 
1467 
1466 
1465 
1466 
1464 


1436 
1436 
1436 
1434 
1433 
1433 
1432 
1432 
1431 
1431 


1402 
1402 
1401 
1401 
1400 
1399 
1399 
1398 
1398 
1397 


1369 
1368 
1368 
1367 
1367 
1366 
1366 
1365 
1366 
1364 


1336 
1336 
1335 
1334 
1334 
1333 
1333 
1332 
1332 
1331 


1303 
1303 
1302 
1302 
1301 
1301 
1300 
1300 
1299 
1299 


1271 
1270 
1270 
1269 
1269 
1268 
1268 
1267 
1267 
1266 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


80 
31 
32 
33 
34 
35 
36 
37 
38 
39 


1743 
1742 
1742 
1741 
1741 
1740 
1739 
1739 
1738 
1738 


1707 
1706 
1706 
1706 
1706 
1704 
1703 
1703 
1702 
1702 


1671 
1671 
1670 
1670 
1669 
1668 
1668 
1667 
1667 
1666 


1636 
1636 
1635 
1634 
1634 
1633 
1633 
1632 
1631 
1631 


1601 
1601 
1600 
1699 
1699 
1698 
1698 
1697 
1696 
1696 


1566 
1666 
1666 
1666 
1664 
1663 
1663 
1662 
1662 
1561 


1532 
1531 
1631 
1630 
1630 
1629 
1628 
1528 
1627 
1627 


1498 
1497 
1497 
1496 
1496 
1496 
1494 
1494 
1493 
1493 


1464 
1463 
1463 
1462 
1461 
1461 
1460 
1460 
1469 
1469 


1430 
1430 
1429 
1428 
1428 
1427 
1427 
1426 
1426 
1426 


1397 
1396 
1396 
1396 
1394 
1394 
1393 
1393 
1392 
1392 


1364 
1363 
1362 
1362 
1361 
1361 
1360 
1360 
1359 
1369 


1331 
1330 
1330 
1329 
1328 
1328 
1327 
1327 
1326 
1326 


1298 
1297 
1297 
1296 
1296 
1296 
1295 
1294 
1294 
1293 


12t50 
1266 
1264 
1264 
1263 
1263 
1262 
1262 
1261 
1261 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


1737 
1736 
1736 
1736 
1736 
1734 
1733 
1733 
1732 
1732 


1701 
1700 
1700 
1699 
1699 
1698 
1697 
1697 
1696 
1696 


1666 
1665 
1664 
1664 
1663 
1663 
1662 
1661 
1661 
1660 


1630 
1630 
1629 
1628 
1628 
1627 
1627 
1626 
1626 
1626 


1595 
1595 
1594 
1694 
1593 
1692 
1592 
1691 
1691 
1590 


1561 
1660 
1669 
1659 
1558 
1558 
1567 
1667 
1666 
1556 


1626 
1626 
1525 
1624 
1624 
1623 
1523 
1622 
1622 
1521 


1492 
1491 
1491 
1490 
1490 
1489 
1489 
1488 
1487 
1487 


1458 
1458 
1467 
1466 
1456 
1455 
1466 
1464 
1454 
1453 


1424 
1424 
1423 
1423 
1422 
1422 
1421 
1421 
1420 
1419 


1391 
1391 
1390 
1389 
1389 
1388 
1388 
1387 
1387 
1386 


1358 
1357 
1367 
1366 
1366 
1366 
1366 
1354 
1354 
1353 


1326 
1326 
1324 
1324 
1323 
1322 
1322 
1321 
1321 
1320 


1293 
1292 
1291 
1291 
1290 
1290 
1289 
1289 
1288 
1288 


1260 
1260 
1259 
1259 
1268 
1267 
1257 
1256 
1256 
1255 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


60 
61 
62 
63 
64 
66 
66 
67 
68 
69 


1731 
1730 
1730 
1729 
1729 
1728 
1727 
1727 
1726 
1726 


1696 
1696 
1694 
1693 
1693 
1692 
1692 
1691 
1690 
1690 


1660 
1669 
1658 
1658 
1657 
1667 
1666 
1666 
1665 
1664 


1624 
1624 
1623 
1623 
1622 
1621 
1621 
1620 
1620 
1619 


1589 
1689 
1638 
1688 
1587 
1687 
1686 
1685 
1686 
1684 


1655 
1554 
1564 
1653 
1653 
1562 
1551 
1651 
1550 
1550 


1620 
1520 
1519 
1519 
1518 
1518 
1617 
1616 
1516 
1515 


1486 
1486 
1485 
1486 
1484 
1484 
1483 
1482 
1482 
1481 


1452 
1462 
1461 
1461 
1460 
1460 
1449 
1449 
1448 
1447 


1419 
1418 
1418 
1417 
1417 
1416 
1416 
1416 
1414 
1414 


1386 
1386 
1384 
1384 
1383 
1383 
1382 
1382 
1381 
1381 


1353 
1362 
1361 
1361 
1360 
1360 
1349 
1349 
1348 
1348 


1320 
1319 
1319 
1318 
1318 
1317 
1316 
1316 
1316 
1316 


1287 
1287 
1286 
1286 
1286 
1284 
1284 
1283 
1283 
1282 


1255 
1254 
1264 
1263 
1263 
1262 
1262 
1261 
1261 
1260 


50 
61 
62 
53 
64 
56 
66 
67 
58 
69 
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126 TABLE X. 

Proportional Logarithms for 3 Degrees, or 3 Hours. 




// 


2 Degrees, or 2 Hours. 1 


16' 


16' 


17' 


18' 


ir 


20' 


21' 


32' 


2dr 


24' 


26' 


36' 


27' 


28' 


29' 


// 



1 
2 
3 
4. 
5 
6 
7 
8 
9 


1249 
1249 
1248 
1248 
1247 
1247 
1246 
1246 
1245 
1245 


1217 
1217 
1216 
1216 
1215 
1215 
1214 
1214 
1213 
1213 


lldtf 
1185 
1186 
1184 
1183 
1183 
1182 
1182 
1181 
1181 


1154 
1163 
1153 
1162 
1152 
1151 
1161 
1160 
1160 
1149 


1123 
1122 
1122 
1121 
1121 
1120 
1120 
1119 
1118 
1118 


1091 
1091 
1090 
1090 
1089 
1089 
1088 
1088 
1087 
1087 


1061 
1060 
1060 
1069 
1069 
1068 
1058 
1057 
1056 
1056 


lOdU 
1029 
1029 
1028 
1028 
1027 
1027 
1026 
1026 
1025 


0999 
0999 
0998 
0998 
0997 
0997 
0996 
0996 
0996 
0996 


0969 
0969 
0968 
0968 
0967 
0967 
0906 
0966 
0965 
0965 


0939 
0939 
0938 
0938 
0937 
0937 
0936 
0936 
0936 
0936 


0909 
0909 
0908 
0908 
0907 
0907 
0900 
0906 
0905 
0905 


0880 
0879 
0879 
0878 
0878 
0877 
0877 
0876 
0876 
0875 


0860 
0850 
0849 
0849 
0848 
0848 
0847 
0847 
0846 
0846 


0821 
0820 
0820 
0819 
0819 
0818 
0818 
0818 
0817 
0817 




1 

2 

3 

4 

6 

6 

7 

8 

9 

'10 

1) 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 


10 
11 
12 
13 
U 
16 
16 
17 
18 
19 


1244 
1244 
1243 
1242 
1242 
1241 
1241 
1240 
1240 
1239 


1212 
1212 
1211 
1210 
1210 
1209 
1209 
1208 
1208 
1207 


1180 
1180 
1179 
1179 
1178 
1178 
1177 
1177 
1176 
1176 


1149 
1148 
1148 
1147 
1147 
1146 
1146 
1146 
1146 
1144 


1117 
1117 
1116 
1116 
1115 
1116 
1114 
1114 
1113 
1113 


1086 
1086 
1085 
1086 
1084 
1084 
1083 
1083 
1082 
1082 


1055 
1055 
1054 
1064 
1063 
1053 
1052 
1052 
1051 
1051 


1025 
1024 
1024 
1023 
1023 
1022 
1022 
1021 
1021 
1020 


0994 
0994 
0993 
0993 
0992 
0992 
0991 
0991 
0990 
0990 


0964 
0964 
0963 
0963 
0962 
0962 
0961 
0961 
0960 
0960 


0934 
0934 
0933 
0933 
0932 
0932 
0931 
0931 
0930 
0930 


0904 
0904 
0903 
0903 
0902 
0902 
0901 
0901 
0900 
0900 


0876 
0874 
0874 
0873 
0873 
0872 
0872 
0871 
0871 
0870 


0845 
0846 
0844 
0844 
0843 
0843 
0842 
0842 
0841 
0841 


0816 
0816 
0816 
0816 
0814 
0814 
0813 
0813 
0812 
0812 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


1230 
1238 
1238 
1237 
1237 
1236 
1236 
1235 
1234 
1234 


1207 
1206 
1206 
1206 
1205 
1204 
1204 
1203 
1203 
1202 


1176 
1174 
1174 
1173 
1173 
1172 
1172 
1171 
1171 
1170 


1144 
1143 
1142 
1142 
1141 
1141 
1140 
1140 
1139 
1139 


1112 
1112 

nil 
nil 

1110 
1110 
1109 
1109 
1108 
1108 


1081 
1081 
1080 
1080 
1079 
1079 
1078 
1078 
1077 
1077 


1060 
1050 
1049 
1049 
1048 
1048 
1047 
1047 
1046 
1046 


1020 
1019 
1019 
1018 
1018 
1017 
1017 
1016 
1016 
1015 


0989 
0989 
0988 
0988 
0987 
0987 
0986 
0986 
0986 
0986 


0969 
0959 
0958 
0958 
0967 
0957 
0966 
0966 
0956 
0965 


0929 
0929 
0928 
0928 
0927 
0927 
0926 
0926 
0926 
0926 


0899 
0899 
0898 
0898 
0897 
0897 
0896 
0896 
0896 
0895 


0870 
0869 
0869 
0868 
0868 
0867 
0867 
0866 
0866 
0865 


0840 
0840 
0839 
0839 
0838 
0838 
0837 
0837 
0836 
0836 


0811 
0811 
0810 
0810 
0809 
0809 
0808 
0808 
0807 
0807 


30 
31 
32 
33 
Si 
35 
36 
37 
38 
39 


1233 
1233 
1232 
1232 
1231 
1231 
1230 
1230 
1229 
1229 


1201 
1201 
1200 
1200 
1199 
1199 
1198 
1198 
1197 
1197 


1170 
1169 
1169 
1168 
1168 
1167 
1167 
1166 
1166 
1165 


1138 
1138 
1137 
1137 
1136 
1136 
1136 
1135 
1134 
1134 


1107 
1107 
1106 
1105 
1105 
1104 
1104 
1103 
1103 
1102 


1076 
1075 
1075 
1074 
1074 
1073 
1073 
1072 
1072 
1071 


1045 
1046 
1044 
1044 
1043 
1043 
1042 
1042 
1041 
1041 


1016 
1014 
1014 
1013 
1013 
1012 
1012 
1011 
1011 
1010 


0984 
0984 
0983 
0983 
0982 
0982 
0981 
0981 
0980 
0980 


0964 
0964 
0963 
0953 
0962 
0962 
0951 
0951 
0950 
0950 


0924 
0924 
0923 
0923 
0922 
0922 
0921 
0921 
0920 
0920 


0894 
0894 
0893 
0893 
0892 
0892 
0891 
0891 
0890 
0890 


0866 
0864 
0864 
0863 
0863 
0862 
0862 
0861 
0861 
0860 


0836 
0836 
0836 
0834 
0834 
0833 
0833 
0832 
0832 
0831 


0806 
0806 
0806 
0806 
0804 
0804 
0803 
0803 
0802 
0802 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


40 
41 
i2 
i3 
44 
46 
46 
47 
48 
49 


1228 
1228 
1227 
1226 
1226 
1225 
1225 
1224 
1224 
1223 


1196 
1196 
1195 
1196 
1194 
1194 
1193 
1192 
1192 
1191 


1164 
1164 
1163 
1163 
1162 
1162 
1161 
1161 
1160 
1160 


1133 
1133 
1132 
1131 
1131 
1130 
1130 
1129 
1129 
1128 


1102 
1101 
1101 
1100 
1100 
1099 
1099 
1098 
1098 
1097 


1071 
1070 
1070 
1069 
1069 
1068 
1068 
1067 
1067 
1066 


1040 
1040 
1039 
1039 
1038 
1038 
1037 
1037 
1036 
1036 


1010 
1009 
1009 
1008 
1008 
1007 
1007 
1006 
1005 
1006 


0979 
0979 
0978 
0978 
0977 
0977 
0976 
0976 
0975 
0975 


0949 
0949 
0948 
0948 
0947 
0947 
0946 
0946 
0945 
0946 


0919 
0919 
0918 
0918 
0917 
0917 
0916 
0916 
0916 
0916 


0889 
0889 
0888 
0888 
0887 
0887 
0887 
0886 
0886 
0885 


0860 
0869 
0869 
0858 
0858 
0868 
0867 
0857 
0866 
0866 


0831 
0830 
0830 
0829 
0829 
0828 
0828 
0827 
0827 
0826 


0802 
0801 
0801 
0800 
0800 
0799 
0799 
0798 
0798 
0797 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
63 
64 
65 
56 
57 
68 
69 


1223 
1222 
1222 
1221 
1221 
1220 
1220 
1219 
1218 
1218 


1191 
1190 
1190 
1189 
1189 
1188 
1188 
1187 
1187 
1186 


1159 
1169 
1158 
1168 
1157 
1167 
1166 
1156 
1166 
1155 


1128 
1127 
1127 
1126 
1126 
1125 
1125 
1124 
1124 
1123 


1097 
1096 
1096 
1095 
1096 
1094 
1094 
1093 
1093 
1092 


1066 
1065 
1066 
1064 
1064 
1063 
1063 
1062 
1062 
1061 


1035 
1034 
1034 
1033 
1033 
1032 
1032 
1031 
1031 
1030 


1004 
1004 
1003 
1003 
1002 
1002 
1001 
1001 
1000 
1000 


0974 
0974 
0973 
0973 
0972 
0972 
0971 
0971 
0970 
0970 


0944 
0944 
0943 
0943 
0942 
0942 
0941 
0941 
0940 
0940 


0914 
0914 
0913 
0913 
0912 
0912 
0911 
0911 
0910 
0910 


0886 
0884 
0884 
0883 
0883 
0882 
0882 
0881 
0881 
0880 


0855 
0856 
0864 
0864 
0853 
0863 
0862 
0852 
0851 
0851 


0826 
0826 
0825 
0824 
0824 
0823 
0823 
0822 
0822 
0821 


0797 
0796 
0796 
0796 
0796 
0794 
0794 
0793 
0793 
0792 


50 
51 
52 
63 
64 
55 
66 
57 
68 
59 










1 
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Proportional Logarithms for 3 Degrees, or 3 Hours. 


- 


2 Degrees, or 2 Hours. 1 


// 


SO' 


3r 


32^ 


83' 


34' 


86' 


36' 


37' 


88' 


39' 


40' 


41' 


42' 


43' 44' 



1 
2 
3 
4 
5 
6 
7 
8 
9 


0792 
0791 
0791 
0790 
0790 
0789 
0789 
0788 
0788 
0788 


0763 
0763 
0762 
0762 
0761 
0761 
0760 
0760 
0769 
0769 


0734 
0734 
0733 
0733 
0732 
0732 
0731 
0731 
0731 
0730 


0706 
0706 
0706 
0704 
0704 
0703 
0703 
0703 
0702 
0702 


0678 
0677 
0677 
0676 
0676 
0675 
0676 
0674 
0674 
0673 


0649 
0649 
0649 
0648 
0648 
0647 
0647 
0646 
0648 
0646 


0621 
0621 
0621 
0620 
0620 
0619 
0619 
0618 
0618 
0617 


0694 
0693 
0693 
0692 
0592 
0591 
0591 
0691 
0690 
0690 


0566 
0666 
0666 
0566 
0564 
0564 
0563 
0563 
0563 
0562 


0539 
0538 
0538 
0537 
0537 
0537 
0536 
0636 
0635 
0536 


0612 
0611 
0611 
0610 
0610 
0509 
0509 
0608 
0608 
0508 


0484 
0484 
0484 
0483 
0483 
0482 
0482 
0481 
0481 
0480 


0458 
0467 
0457 
0466 
0456 
0456 
0466 
0454 
0464 
0454 


0431 
0430 
0430 
0430 
0429 
0429 
0428 
0428 
0427 
0427 


0404 
0404 
0403 
0403 
0403 
0402 
0402 
0401 
0401 
0400 



1 
2 
3 
4 
6 
6 
7 
8 
9 


10 
11 
12 
13 
U 
U 
16 
17 
18 
19 


0787 
0787 
0786 
0786 
0786 
0785 
0784 
0784 
0783 
0783 


0768 
0768 
0767 
0767 
0766 
0756 
0755 
0766 
0764 
0764 


0730 
0729 
0729 
0728 
0728 
0727 
0727 
0726 
0726 
0725 


0701 
0701 
0700 
0700 
0699 
0699 
0698 
0698 
0697 
0697 


0673 
0672 
0672 
0071 
0671 
0671 
0670 
0670 
0669 
0669 


0646 
0644 
0644 
0643 
0643 
0642 
0642 
0642 
0641 
0641 


0617 
0016 
0616 
0616 
0616 
0616 
0614 
0614 
0613 
0613 


0689 
0689 
0588 
0688 
0587 
0687 
0686 
0586 
0585 
0685 


0562 
0661 
0561 
0560 
0660 
0559 
0659 
0558 
0558 
0568 


0634 
0634 
0633 
0533 
0532 
0532 
0532 
0531 
0531 
0530 


0607 
0507 
0506 
0506 
0505 
0606 
0504 
0504 
0603 
0503 


0480 
0480 
0479 
0479 
0478 
0478 
0477 
0477 
0476 
0476 


0453 
0453 
0462 
0452 
0451 
0461 
0460 
0450 
0450 
0449 


0426 
0426 
0426 
0425 
0425 
0424 
0424 
0423 
0423 
0422 


0400 
0399 
0399 
0399 
0398 
0398 
0397 
0397 
0396 
0396 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


0782 
0782 
0781 
0781 
0780 
0780 
0779 
0779 
0778 
0778 


0763 
0763 
0752 
0762 
0752 
0751 
0751 
0750 
0760 
0749 


0725 
0724 
0724 
0723 
0723 
0722 
0722 
0722 
0721 
0721 


0696 
0696 
0696 
0696 
0696 
0694 
0694 
0693 
0693 
0692 


0668 
0668 
0667 
0667 
0666 
0666 
0665 
0666 
0664 
0664 


0640 
0640 
0639 
0639 
0638 
0638 
0637 
0637 
0636 
0636 


0012 
0612 
0611 
0611 
0610 
0610 
0609 
0609 
0609 
0608 


0685 
0584 
0684 
0583 
0683 
0582 
0582 
0681 
0581 
0580 


0657 
0557 
0556 
0566 
0665 
0565 
0554 
0654 
0553 
0663 


0630 
0529 
0629 
0528 
0528 
0627 
0527 
0627 
0626 
0626 


0503 
0502 
0602 
0501 
0501 
0500 
0600 
0499 
0499 
0498 


0476 
0476 
0476 
0474 
0474 
0473 
0473 
0472 
0472 
0471 


0449 
0448 
0448 
0447 
0447 
0446 
0i46 
0446 
0445 
0445 


0422 
0422 
0421 
0421 
0420 
0420 
0419 
0419 
0418 
0418 


0396 
0396 
0396 
0394 
0394 
0393 
0393 
0392 
0392 
0392 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


0777 
0777 
0776 
0776 
0775 
0776 
0776 
0774 
0774 
0773 


0749 
0748 
0748 
0747 
0747 
0746 
0746 
0745 
0746 
0744 


0720 
0720 
0719 
0719 
0718 
0718 
0717 
0717 
0716 
0716 


0692 
0691 
0691 
0690 
0690 
0689 
0689 
0688 
0688 
0687 


0663 
0663 
0663 
0662 
0662 
0661 
0661 
0660 
0660 
0659 


0635 
0636 
0635 
0634 
0634 
0633 
0633 
0632 
0632 
0631 


0608 
0607 
0607 
0606 
0606 
0606 
0606 
0604 
0604 
0603 


0580 
0580 
0579 
0679 
0678 
0578 
0577 
0677 
0676 
0676 


0662 
0652 
0662 
0661 
0651 
0660 
0650 
0549 
0649 
0548 


0626 
0625 
0624 
0524 
0623 
0623 
0522 
0522 
0522 
0521 


0498 
0498 
0497 
0497 
0496 
0496 
0495 
0496 
0494 
0494 


0471 
0471 
0470 
0470 
0469 
0469 
0468 
0468 
0467 
0467 


0444 
0444 
0443 
0443 
0442 
0442 
0442 
0441 
0441 
0440 


0418 
0417 
0417 
0416 
0416 
0416 
0415 
0414 
0414 
0414 


0391 
0391 
0390 
0390 
0389 
0389 
0388 
0388 
0388 
0387 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 

44 
46 
46 
47 
48 
49 


0773 
0772 
0772 
0771 
0771 
0770 
0770 
0769 
0769 
a768 


0744 
0743 
0743 
0742 
0742 
0741 
0741 
0741 
0740 
0740 


0716 
0716 
0714 
0714 
0713 
0713 
0712 
0712 
0712 
0711 


0687 
0687 
0686 
0686 
0685 
0685 
0684 
0684 
0683 
0683 


0659 
0658 
0658 
0667 
0657 
0656 
0666 
0656 
0665 
0655 


0631 
0630 
0630 
0629 
0629 
0628 
0628 
0628 
0627 
0627 


0603 
0603 
0602 
0602 
0601 
0601 
0600 
0600 
0599 
0599 


0676 
0575 
0574 
0574 
0674 
0573 
0673 
0572 
0572 
0671 


0548 
0547 
0647 
0647 
0646 
0546 
0646 
0646 
0644 
0644 


0621 
0520 
0520 
0619 
0619 
0518 
0518 
0617 
0617 
0617 


0494 
0493 
0493 
0492 
0492 
0491 
0491 
0490 
0490 
0489 


0467 
0466 
0466 
0466 
0466 
0464 
0464 
0463 
0463 
0463 


0440 
0439 
0439 
0438 
0438 
0438 
0437 
0437 
0436 
0436 


0413 
0413 
0412 
0412 
0411 
0411 
0411 
0410 
0410 
0409 


0387 
0386 
0386 
0386 
0386 
0385 
0384 
0384 
0383 
0383 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 
64 
66 
66 
57 
68 
69 


60 
61 
62 
63 
64 
65 
66 
67 
68 
69 


0768 
0767 
0767 
0766 
0766 
0766 
0766 
0764 
0764 
0763 


0739 
0739 
0738 
0738 
0737 
0737 
0736 
0736 
0736 
0735 


0711 
0710 
0710 
0709 
0709 
0708 
0708 
0707 
0707 
0706 


0682 
0682 
0681 
0681 
0680 
0680 
0679 
0679 
0678 
0678 


0654 
0664 
0663 
0663 
0652 
0652 
0651 
0651 
0660 
0660 


0626 
0626 
0626 
0625 
0624 
0624 
0623 
0623 
0622 
0622 


0698 
0598 
0597 
0697 
0697 
0596 
0596 
0595 
0696. 
0594 


0671 
0670 
0570 
0569 
0569 
0668 
0568 
0568 
0667 
0667 


0543 
0643 
0542 
0542 
0542 
0641 
0541 
0640 
0640 
0639 


0516 
0516 
0616 
0616 
0614 
0514 
0513 
0613 
0512 
0612 


0489 
0489 
0488 
0488 
0487 
0487 
0486 
0486 
0485 
0485 


0462 
0462 
0461 
0461 
0460 
0460 
0459 
0459 
0459 
0468 


0435 
0436 
0434 
0434 
0434 
0433 
0433 
0432 
0432 
0431 


0409 
0408 
0408 
0407 
0407 
0407 
0406 
0406 
0406 
0406 


0382 
0382 
0381 
0381 
0381 
0380 
0380 
0379 
0379 
0378 


L 










1 






1 


1 I 
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TABLE X. 




















Proportional Logarithms for S 


1 Degrees, or 3 Hours. 










// 


2 Degrees, or 2 Hours. | 


// 


4y 


46' 


47' 


48' 


49^ 


6(/ 


61' 


6r 


63' 


64' 


66' 


66' 


67' 


68' 


59' 





0378 


0352 


0326 


oaoo 


0274 


0248 


0223 


0197 


0172 


0147 


0122 


00»8 


0073 


0049 


0024 





1 


0377 


0351 


0325 


0299 


0273 


0248 


0222 


0197 


0172 


0147 


0122 


0097 


0073 


0048 


0024 


1 


2 


0377 


0351 


0325 


0299 


0273 


0247 


0222 


0197 


0171 


0146 


0122 


0097 


0072 


0048 


0023 


2 


3 


0377 


0350 


0324 


0298 


0273 


0247 


0222 


0196 


0171 


0146 


0121 


0096 


0072 


0047 


0023 


3 


4 


0376 


0350 


0324 


0298 


0272 


0247 


0221 


0196 


0171 


0146 


0121 


0096 


0071 


0047 


0023 


4 


5 


0376 


0350 


0323 


0298 


0272 


0246 


0221 


0195 


0170 


0145 


0120 


0096 


0071 


0047 


0022 


6 


6 


0375 


0349 


0323 


0297 


0271 


0246 


0220 


0195 


0170 


0145 


0120 


0095 


0071 


0046 


0022 


6 


7 


0375 


0349 


0323 


0297 


0271 


0245 


0220 


0195 


0169 


0144 


0120 


0095 


0070 


0046 


0021 


7 


8 


0374 


0348 


0322 


0296 


0270 


0245 


0219 


0194 


0169 


0144 


0119 


0094 


0070 


0046 


0021 


8 


9 


0374 


0348 


0322 


0296 


0270 


0244 


0219 


0194 


0169 


0144 


0119 


0094 


0069 


0046 


0021 


9 


10 


0374 


0347 


0321 


0295 


0270 


0244 


0219 


0193 


0168 


0143 


0118 


0094 


0069 


0046 


0020 


10 


11 


0373 


0347 


0321 


0295 


0269 


0244 


0218 


0193 


0168 


0143 


0118 


0093 


0069 


0044 


0020 


11 


12 


0373 


0346 


0320 


0295 


0269 


0243 


0218 


0192 


0167 


0142 


0117 


0093 


0068 


0044 


0019 


12 


13 


0372 


0346 


0320 


0294 


0268 


0243 


0217 


0192 


0167 


0142 


0117 


0092 


0068 


0043 


0019 


13 


U 


0372 


0346 


0320 


0294 


0268 


0242 


0217 


0192 


0166 


0141 


0117 


0092 


0067 


0043 


0019 


14 


15 


0371 


0345 


0319 


0293 


0267 


0242 


0216 


0191 


0166 


0141 


0116 


0091 


0067 


0042 


0018 


15 


16 


0371 


0345 


0319 


0293 


0267 


0241 


0216 


0191 


0166 


0141 


0116 


0091 


0067 


0042 


0018 


16 


17 


0370 


0344 


0318 


0292 


0267 


0241 


0216 


0190 


0166 


0140 


0116 


0091 


0066 


0042 


0017 


17 


18 


0370 


0344 


0318 


0292 


0266 


0241 


0215 


0190 


0166 


0140 


0116 


0090 


0066 


0041 


0017 


18 


19 


0370 


0343 


0317 


0292 


0266 


0240 


0215 


0190 


0164 


0139 


0115 


0090 


0066 


0041 


0017 


19 


20 


0369 


0343 


0317 


0291 


0265 


0240 


0214 


0189 


0164 


0139 


0114 


0089 


0065 


0040 


0016 


20 


21 


0369 


0343 


0317 


0291 


0265 


0239 


0214 


0189 


0164 


0139 


0114 


0089 


0064 


0040 


0016 


21 


22 


0368 


0342 


0316 


0290 


0264 


0239 


0214 


0188 


0163 


0138 


0113 


0089 


0064 


0040 


0015 


22 


23 


0368 


0342 


0316 


0290 


0264 


0239 


0213 


0188 


0163 


0138 


0113 


0088 


0064 


0039 


0016 


23 


24 


0367 


0341 


0315 


0289 


0264 


0238 


0213 


0187 


0162 


0137 


0112 


0088 


0063 


0039 


0016 


24 


25 


0367 


0341 


0315 


0289 


0263 


0238 


0212 


0187 


0162 


0137 


0112 


0087 


0063 


0038 


0014 


26 


26 


0367 


0340 


0314 


0288 


0263 


0237 


0212 


0187 


0161 


0136 


0112 


0087 


0062 


0038 


0014 


26 


27 


0366 


0340 


0314 


0288 


0262 


0237 


0211 


0186 


0161 


0136 


0111 


0087 


0062 


0038 


0013 


27 


28 


0366 


0340 


0313 


0288 


0262 


0236 


0211 


0186 


0161 


0136 


0111 


0086 


0062 


0037 


0013 


28 


29 


0365 


0339 


0313 


0287 


0262 


0236 


0211 


0186 


0160 


0135 


0110 


0086 


0061 


0037 


0013 


29 


30" 


0365 


0339 


0313 


0287 


0261 


0236 


0210 


0185 


0160 


0136 


0110 


0086 


0061 


0036 


0012 


30 


31 


0364 


0338 


0312 


0286 


0261 


0235 


0210 


0184 


0169 


0134 


0110 


0085 


0060 


0036 


0012 


31 


32 


0364 


0338 


0312 


0286 


0260 


0235 


0209 


0184 


0159 


0134 


0109 


0085 


0060 


0036 


0011 


32 


33 


0363 


0337 


0311 


0285 


0260 


0234 


0209 


0184 


0159 


0134 


0109 


0084 


0060 


0036 


0011 


33 


34 


0363 


0337 


0311 


0285 


0259 


0234 


0208 


0183 


0158 


0133 


0108 


0084 


0059 


0035 


0011 


34 


35 


0363 


0336 


0310 


0285 


0259 


0233 


0208 


0183 


0168 


0133 


0108 


0083 


0059 


0034 


0010 


35 


36 


0362 


0336 


0310 


0284 


0259 


0233 


0208 


0182 


0157 


0132 


0108 


0083 


0058 


0034 


0010 


36 


37 


0362 


0336 


0310 


0284 


0258 


0233 


0207 


0182 


0157 


0132 


0107 


0082 


0068 


0034 


0009 


37 


38 


0361 


0335 


0309 


0283 


0258 


0232 


0207 


0182 


0156 


0132 


0107 


0082 


0068 
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1^ TABLE XVIII. 

LogiriUunf oT the Meridiin Distance. 


M. 


Hope. 


M. 


0" 


6" 


10" 


16" 


20" 


26" 


30" 


35" 


40" 


46" 


60" 


66" 


u 

1 

2 
3 

4 
5 
6 
7 
8 
9 


4.6776 
6.2796 
6.6318 
6.8817 
6.0766 
6.2338 
6.3677 
6.4837 
6.6860 


2.5102 
4.7471 
5.3161 
5.6666 
6.8006 
6.0808 
6.2468 
6J)780 
6.4027 
6.6040 


3.1213 
4.8116 
6.3402 
6.6788 
6.0171 
6.1040 
6.2676 
6.3882 
6.6016 
6.6010 


3.4734 
4.8714 
5.3810 
6.7013 
5.0343 
6.1170 
6.2603 
6.3082 
6.6104 
6.6008 


3.7233 
4.0274 
6.4136 
6.7233 
5.0612 
6.1815 
6.2808 
6.4081 
6.6102 
6.6176 


3.0171 
4.0801 
6.4440 
6.7448 
5.0677 
6.1460 
6.2922 
6.4179 
6.6278 
6.6268 


4.0765 
6i)298 
6.4634 
6.7667 
6.9840 
6.1683 
6.3034 
6.4277 
6.6364 
6.6330 


4.2004 
5J0767 
5.6010 
6.7861 
6i»000 
6.1713 
63144 
6.4373 
63448 
63406 


4.3264 
6.1218 
53295 
63061 
63166 
6.1842 
63264 
6.4467 
63632 
63481 


4.4277 
5.1636 
63662 
53266 
63309 
6.1969 
63861 
6.4661 
63615 
63666 


43192 
6.2041 
63822 
63447 
63460 
6.2094 
63468 
6.4664 
63698 
63629 


43020 
6.2427 
63073 
63634 
6.0609 
6.2217 
63673 
6 4746 
63779 
63702 




1 

2 
3 

4 
6 
6 
7 
8 



10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


6.6776 
7603 
8368 
9063 
9697 

7.0296 
0866 
1383 
1879 
2348 


6.6847 
7668 
8418 
0100 
0748 

7.0344 
0001 
1426 
1010 
2386 


6.6010 
7733 
8478 
0164 
0800 

7.0302 
0046 
1467 
1060 
2424 


6.6080 
7798 
8687 
9219 
9861 

1J0439 
0991 
1609 
1999 
2462 


6.7060 
7862 
8606 
0278 
0001 

7JfHS7 
1036 
1661 
2038 
2400 


6.7130 
7926 
8665 
9327 
9952 

7.0634 
1080 
1693 
2078 
2637 


6.7199 
7989 
8718 
9881 

7.0002 
0681 
1124 
1684 
2117 
2674 


6.7267 
8051 
8771 
0435 

73061 
0627 
1167 
1676 
2166 
2611 


6.7336 
8114 
8828 
9488 

73101 
0674 
1211 
1717 
2196 
2648 


6.7403 
8176 
8886 
9640 

73160 
0720 
1264 
1767 
2233 
2684 


6.7470 
8237 
8941 
9593 

7.0199 
0765 
1297 
1798 
2272 
2721 


6.7537 
8298 
8998 
9645 

73248 
0811 
1340 
1839 
2310 
2767 


10 
11 
12 
13 
14 
16 
16 
17 
18 
10 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


7.2794 
3217 
3621 
4007 
4376 
4730 
6071 
6398 
5713 
6018 


7.2830 
3261 
3664 
4038 
4406 
4760 
6008 
6426 
5730 
6043 


7.2866 
3286 
3686 
4060 
4436 
4788 
5126 
6461 
6766 
6068 


7.2901 
8320 
3719 
4100 
4466 
4817 
6164 
6478 
6791 
6092 


7.2937 
3364 
3761 
4181 
4406 
4846 
6181 
5604 
6816 
6117 


7.2973 
8388 
3784 
4162 
4625 
4874 
6208 
6631 
5842 
6142 


7.3008 
8421 
3816 
4193 
4666 
4902 
6286 
6667 
6867 
6166 


73043 
3466 
8848 
4224 
4684 
4030 
6263 
6683 
6802 
6101 


73078 
3488 
8880 
4265 
4614 
4969 
5290 
6610 
6918 
6215 


73113 
8622 
3912 
4286 
4643 
4987 
5117 
5636 
5943 
6239 


73148 
3566 
3943 
4316 
4672 
6016 
6144 
6662 
6968 
6264 


731«3 
3588 
8976 
4346 
4701 
6043 
6171 
5688 
5998 
6288 


20 
21 
22 

23 
24 
25 
26 

27 
28 
20 


30 
31 
32 
S3 
34 
36 
36 
37 
38 
39 


7.6312 
6696 
6872 
7138 
7397 
7649 
7893 
8130 
8361 
8687 


7.63i6 
0620 
6804 
7160 
7410 
7660 
7013 
8160 
8380 
8606 


7.6360 
6648 
6017 
7182 
7440 
7600 
7083 
8160 
8300 
8628 


7.6384 
6666 
6939 
7204 
7461 
7710 
7953 
8188 
8418 
8642 


7i>408 
6680 
6062 
7226 
7482 
7731 
7973 
8208 
8437 
8660 


7.6432 
6712 
6984 
7247 
7603 
7761 
7993 
8227 
8466 
8679 


7.6466 
6736 
7006 
7269 
7524 
7772 
8012 
8247 
8475 
8697 


73470 
6768 
7028 
7200 
7646 
7702 
8032 
8266 
8403 
8715 


73503 
6781 
7050 
7312 
7666 
7812 
8062 
8286 
8612 
8783 


73626 
6804 
7078 
7833 
7686 
7832 
8072 
8304 
8681 
8762 


73650 
6826 
7096 
7356 
7607 
7863 
8091 
8323 
8549 
8770 


73678 
6849 
7117 
7376 
7628 
7873 
8111 
8342 
8668 
8788 


30 
31 
32 
33 
34 
36 
36 
37 
38 
30 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


7.H806 
9020 
9229 
9432 
9631 
9826 

8,0016 
0202 
0386 
0663 


7.8824 
0037 
0246 
0440 
0648 
0842 

8.0082 
0218 
0400 
0678 


7.H842 
0065 
0263 
0166 
0664 
0868 

8.0048 
0233 
0415 
0602 


7.8860 
9072 
9280 
0483 
0680 
0874 

8iW68 
0248 
0480 
OiATJ 


7Ji878 
9090 
9297 
9499 
9697 
9690 

8i)079 
0264 
0445 
0622 


7.8896 
9107 
9814 
9616 
9713 
9906 

8.0094 
0279 
0450 
0636 


73918 
9126 
9331 
9632 
9729 
9922 

8.0110 
0204 
0474 
0651 


73031 
0142 
0848 
0640 
0746 
9937 

83125 
0309 
0489 
0665 


73949 
9160 
9865 
9666 
9762 
9968 

8.0141 
0324 
0504 
0680 


73967 
9177 
9382 
9682 
9778 
9969 

83156 
0339 
0519 
0694 


73986 
9194 
9399 
9599 
9794 
9986 

8.0172 
0366 
0634 
0709 


73002 
9211 
0416 
0615 
0810 

83001 
0187 
0370 
0A48 
0728 


40 
41 
42 
43 
44 
46 
46 
47 
48 
40 


60 
61 
62 
63 
64 
66 
66 
67 
68 
60 


8.0738 
0909 
1077 
1242 
140S 
1662 
1718 
1871 
2091 
2160 


8.0752 
0023 
1001 
1265 
1417 
1675 
1731 
1HH3 
2083 
2161 


8.0767 
0087 
1105 
1260 
1430 
1688 
1744 
1H06 
2046 
2103 


8.07H1 
0061 
1110 
12H3 
1443 
1001 
1766 
1000 
2068 
2206 


8/»796 
0066 
1132 
1206 
1457 
1614 
1700 
1021 
2071 
2217 


8.0S10 
0980 
1146 
1310 
1470 
1627 
17H2 
1934 
2083 
2230 


Hi)H24 
0904 
1160 
1828 
1488 
1640 
1705 
1046 
2006 
2242 


8.<»HS8 
lOOH 
1174 
1337 
1496 
ie53 
1M)7 
1969 
2IOrt 
2264 


83862 
1022 
1187 
1350 
1610 
1666 
1H20 
1971 
2120 
2266 


8.08<i7 
1035 
1201 
1363 
1628 
1679 
1833 
1984 
2182 
2278 


83WH1 
1019 
1215 
1377 
1586 
1692 
1845 
1906 
2144 
2200 


8.0H05 
1003 
1228 
IMN) 
1540 

no6 

186H 
2000 
2157 
2302 


60 
51 
52 
53 
54 
65 
56 
57 
58 
60 
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TABLE XVIIL HI 

LogirithmB oT the Meridian DisUnce. 


M. 


1 Hoini. 


M. 


0" 


5" 


10" 


15" 


20" 


25" 


30" 


35" 


40" 


46" 


60" 


55" 




1 

2 
3 

4 
6 
6 
7 
8 
9 


8.2314 
2457 
2597 
2736 
2871 
3005 
3137 
3266 
3394 
3520 


8.2326 
2468 
2609 
2747 
2882 
3016 
3147 
3277 
3405 
3530 


8.2338 
2480 
2620 
2758 
2893 
3027 
3158 
3288 
3415 
3541 


8.2350 
2492 
2632 
2769 
2905 
3038 
3169 
3298 
3426 
3651 


8.2362 
2504 
2643 
2781 
2916 
3049 
3180 
3309 
3436 
3561 


8.2374 
2515 
2655 
2792 
2927 
3060 
3191 
3320 
3447 
8572 


8.2386 
2527 
2666 
2803 
2938 
3071 
3202 
3330 
3457 
8582 


8.2397 
2539 
2678 
2815 
2949 
3082 
3212 
3341 
3468 
3592 


8.2409 
2550 
2689 
2826 
2960 
3093 
3223 
3352 
3478 
3603 


8.2421 
2562 
2701 
2837 
2972 
3104 
3234 
3362 
3489 
3613 


8.2433 
2574 
2712 
2849 
2983 
3115 
3245 
3373 
3499 
8623 


8.2445 
2585 
2724 
2860 
2994 
3126 
8256 
3383 
3509 
3634 




1 

2 

3 

4 
6 
6 
7 
8 
9 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


83644 
3766 
88vS7 
4005 
4123 
4238 
4352 
4465 
4676 
4685 


83664 
3776 
3897 
4015 
4132 
4248 
4362 
4474 
4585 
4694 


83664 
3786 
8907 
4026 
4142 
4257 
4371 
4483 
4694 
4703 


83676 
3796 
3916 
4035 
4152 
4267 
4380 
4493 
4603 
4712 


83686 
3806 
3926 
4045 
4161 
4276 
4390 
4602 
4612 
4721 


83695 
3817 
3936 
4054 
4171 
4286 
4399 
4511 
4621 
4730 


83705 
3827 
3946 
4064 
4181 
4295 
4409 
4520 
4631 
4739 


83715 
3837 
3956 
4074 
4190 
4305 
4418 
4530 
4640 
4748 


83726 
3847 
3966 
4084 
4200 
4314 
4427 
4539 
4649 
4757 


83736 
3857 
3976 
4093 
4209 
4324 
4437 
4548 
4658 
4766 


83746 
3867 
3986 
4103 
4219 
4333 
4446 
4557 
4G67 
4775 


83756 
3877 
3996 
4113 
4229 
4343 
4455 
4566 
4076 
4784 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


8.4793 
4900 
6006 
6110 
6213 
6314 
5416 
6514 
5612 
6709 


8.4802 
4909 
6014 
5118 
6221 
6323 
5423 
6522 
6620 
6717 


8.4811 
4918 
6023 
6127 
5230 
5331 
5431 
5530 
6628 
5726 


8.4820 
4927 
6032 
6136 
6238 
5339 
5440 
6538 
6636 
6733 


8.4829 
4935 
5040 
5144 
5247 
6348 
5448 
6547 
6644 
6741 


8.4838 
4944 
6049 
6153 
6255 
6356 
6466 
6655 
6652 
6749 


8.4847 
4953 
6058 
6161 
6264 
5365 
6464 
6563 
6661 
6757 


8.4856 
4962 
6066 
6170 
6272 
6373 
6473 
6571 
5669 
5765 


8.4865 
4971 
5075 
6178 
6281 
5381 
6481 
6579 
6677 
6773 


8.4874 
4979 
6084 
6187 
6289 
6390 
6489 
6688 
6685 
6781 


8.4882 
4988 
6092 
6196 
5297 
6398 
6497 
5596 
6693 
6789 


8.4 S91 
4997 
6101 
6204 
6306 
6406 
6506 
£604 
5701 
5797 


20 
21 
22 

23 
24 
25 
26 

27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


83805 
6899 
6993 
6086 
6177 
6268 
6358 
6446 
6534 
6621 


83813 
6907 
6001 
6093 
6185 
6275 
6365 
6454 
6641 
6628 


83821 
6915 
6009 
6101 
6192 
6283 
6372 
6461 
6548 
6635 


83828 
6923 
6016 
6109 
6200 
6290 
6380 
6468 
6556 
6642 


83836 
6931 
6024 
6116 
6208 
6298 
6387 
6476 
6663 
6650 


83844 
5939 
6032 
6124 
6215 
6305 
6395 
6483 
6570 
6657 


83852 
6946 
6039 
6132 
6223 
6313 
6402 
6490 
6577 
6664 


83860 
5954 
6047 
6139 
6230 
6320 
6409 
6497 
6585 
6671 


83868 
5962 
t055 
6147 
6238 
6328 
6417 
6605 
6592 
6678 


83876 
6970 
6063 
6154 
6245 
6335 
6424 
6512 
6599 
6685 


83884 
6978 
6070 
6162 
6253 
6343 
6432 
6519 
6606 
6692 


83892 
5985 
6078 
6170 
6260 
6350 
6439 
6527 
6614 
6700 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


83707 
6792 
6876 
6959 
7042 
7123 
7204 
7284 
7364 
7442 


83714 
6799 
6883 
6966 
7049 
7130 
7211 
7291 
7370 
7449 


83721 
6806 
6890 
6973 
7055 
7137 
7218 
7298 
7377 
7456 


83728 
6813 
6897 
6980 
7062 
7144 
7224 
7304 
7383 
7462 


83735 
6820 
6904 
6987 
7069 
7150 
7231 
7311 
7390 
7468 


83742 
6827 
6911 
6994 
7076 
7157 
7238 
7317 
7396 
7476 


83749 
6834 
6918 
7001 
7083 
7164 
7244 
7324 
7403 
7481 


83766 
6841 
6925 
7007 
7089 
7171 
7251 
7331 
7410 
7488 


83764 
6848 
6932 
7014 
7096 
7177 
7258 
7337 
7416 
7494 


83771 
6856 
6938 
7021 
7103 
7184 
7264 
7844 
7423 
7601 


83778 
6862 
6945 
7028 
7110 
7191 
7271 
7360 
7429 
7507 


83786 
6869 
6952 
7036 
7117 
7198 
7278 
7357 
7436 
7514 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


60 
61 
62 
63 
64 
65 
66 
67 
68 
69 


8.7520 
7597 
7673 
7749 
7824 
7898 
7972 
8045 
8117 
8189 


8.7526 
7603 
7680 
7755 
7830 
7904 
7978 
8051 
8123 
8195 


8.7533 
7610 
7686 
7762 
7836 
7911 
7984 
8057 
8129 
8201 


8.7539 
7616 
7692 
7768 
7843 
7917 
7990 
8063 
8136 
8207 


8.7646 
7623 
7699 
7774 
7849 
7923 
7996 
8069 
8141 
8213 


8.7652 
7629 
7705 
7780 
7855 
7929 
8002 
8076 
8147 
8219 


8.7559 
7635 
7711 
7787 
7861 
7936 
8008 
8081 
8153 
8224 


8.7565 
7642 
7718 
7793 
7867 
7941 
8016 
8087 
8159 
8230 


8.7571 
7648 
7724 
7799 
7874 
7947 
8021 
8093 
8166 
8236 


8.7578 
7654 
7730 
7805 
7880 
7954 
8027 
8099 
8171 
8242 


8.7584 
7661 
7737 
7812 
7886 
7960 
8033 
8106 
8177 
8248 


8.7691 
7667 
7743 
7818 
7892 
7966 
8039 
8111 
8183 
8254 


60 
61 
62 
63 
64 
66 
66 
67 
68 
60 
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TABLE XVIIL 




























M. 


2 IIouM. 


M. 
~0 


0" 


6" 


10" 


15" 


2(»" 


25" 


30" 


85" 


40" 


45" 


50" 


55" 





SJd260 


8.8266 


8.8272 


8.8278 


8.H283 


8.8289 


8.8295 


8.8301 


8J*307 


8.8313 


8.8319 


8^324 


1 


8330 


8336 


8342 


8348 


8354 


8359 


8365 


8371 


8377 


8383 


8388 


8394 


1 


2 


8400 


8406 


8412 


8417 


8423 


8429 


8435 


8441 


8446 


8452 


8458 


8464 


2 


3 


8469 


8475 


8481 


8487 


8492 


8498 


8504 


8609 


8515 


8621 


8527 


8532 


3 


4 


8638 


8544 


8549 


8555 


8561 


8566 


8572 


8578 


8583 


8589 


8595 


8600 


4 


6 


8606 


8612 


8617 


8623 


8629 


8634 


8640 


8645 


8651 


8657 


8662 


8668 


5 


6 


8673 


8679 


8685 


8690 


8G96 


8701 


8707 


8713 


8718 


8724 


8729 


8735 


6 


7 


8740 


8746 


8751 


8757 


8763 


8768 


8774 


8779 


8785 


8790 


8796 


8801 


7 


8 


8807 


8812 


8818 


8823 


8829 


8834 


8840 


8845 


8851 


8856 


8862 


8867 


8 





8873 


8878 


8883 


8889 


8894 


8900 


8905 


8911 


8916 


8922 


8927 


8932 


9 
10 


10 


8JJ938 


8.8943 


8JJ949 


8.8954 


8.8959 


8.8965 


8.8970 


8.8976 


84i981 


84i986 


8.8992 


84J997 


11 


9003 


9008 


9013 


9019 


9024 


9029 


9035 


9040 


9046 


9051 


9056 


9061 




IS 


9067 


9072 


9077 


9083 


9088 


9093 


9099 


9104 


9109 


9115 


9120 


9125 


12 


13 


9131 


9136 


9141 


9146 


9152 


9157 


9162 


9167 


9173 


9178 


9183 


9188 


13 


14 


0194 


9199 


9204 


9209 


9215 


9220 


9225 


9230 


9236 


9241 


9246 


9251 


14 


15 


9966 


9262 


9267 


9272 


9277 


9282 


928H 


9293 


9298 


9303 


9308 


9313 


15 


16 


9319 


9324 


9329 


9334 


9339 


9344 


9350 


9355 


9360 


9365 


9370 


9376 


16 


17 


93H0 


9386 


9391 


9396 


9401 


9406 


9411 


9416 


9421 


9426 


9431 


9437 


17 


18 


9442 


9447 


9452 


9457 


9462 


9467 


9472 


9477 


9482 


9487 


9492 


9497 


18 


19 


9602 


9507 


9513 


9518 


9523 


9528 


9533 


9538 


9543 


9548 


9553 


9558 


19 
20 


SO 


SJ9563 


8.95<>8 


8.9573 


8.9578 


8.9583 


8.95H8 


8i)593 


8.9596 


8i)603 


8i)608 


8i)613 


8.9618 


21 


9623 


9628 


9633 


9638 


9643 


9647 


9652 


9657 


9662 


9667 


9672 


9677 


21 


22 


9682 


9687 


9692 


9697 


9702 


9707 


9712 


9717 


9721 


9726 


9731 


9736 


22 


23 


9741 


9746 


9751 


9756 


9761 


9766 


9770 


9775 


9780 


9785 


9790 


9796 


23 


S4 


9800 


9804 


9809 


9814 


9819 


9824 


9829 


9834 


9838 


9843 


9848 


9853 


24 


S5 


9858 


98C3 


9867 


9872 


98n 


9882 


9887 


9891 


9896 


9901 


9906 


9911 


95 


S6 


9916 


9920 


9925 


9930 


9935 


9939 


9944 


9949 


9954 


9958 


9963 


9968 


26 


«7 


9973 


9977 


9982 


9987 


9992 


9996 


94)001 


9.0006 


9.0011 


0.0015 


94)0^0 


04)026 


27 


2S 


9.0029 


9.0034 


94)039 


9.0044 


9.0048 


9.0053 


0058 


0062 


0067 


0072 


0077 


OOHl 


28 


29 


00H6 


0091 


0095 


0100 


0105 


0109 


0114 


0119 


0123 


0128 


0133 


0137 


29 


SO 


9i)U2 


0X)I47 


9.0151 


9X)I56 


9J0161 


9.0165 


9.0170 


9.0174 


9.0179 


94)184 


9.01 HS 


94)193 


30 


31 


0108 


0202 


0207 


0211 


0216 


0221 


0225 


0230 


0234 


0239 


0244 


0248 


31 


39 


0263 


0257 


0262 


0267 


0271 


0276 


0280 


02H5 


0289 


0294 


0299 


0303 


39 


33 


0308 


0312 


0317 


0321 


0326 


0330 


0335 


0339 


0344 


0349 


0353 


0358 


33 


34 


0362 


0367 


0371 


0376 


0380 


0385 


0389 


0394 


0398 


0403 


0407 


0412 


84 


3d 


0416 


0421 


0426 


0430 


0434 


0439 


0443 


0448 


0452 


0456 


0461 


0466 


35 


36 


0470 


0474 


0479 


0483 


0488 


0492 


0497 


0601 


0505 


0610 


0514 


0519 


36 


37 


0623 


0528 


0532 


0536 


0541 


0545 


0550 


0554 


0659 


0663 


0567 


0672 


37 


38 


0670 


058 1 


0585 


0589 


0594 


0598 


0602 


0607 


0611 


0616 


0620 


0624 


38 


30 


0629 


0633 


0637 


0642 


0646 


0651 


0655 


0659 


0664 


0668 


0672 


0677 


39 


40 


9.0081 


9J)685 


9U)690 


9J0604 


94)698 


9J0703 


9.0707 


94)711 


94)716 


94)720 


04)724 


04)729 


40 


41 


0733 


0737 


0741 


0746 


0750 


0754 


0759 


0763 


0767 


0772 


0776 


0780 


41 


4« 


0784 


0789 


0793 


0797 


0802 


0806 


0810 


0814 


0819 


0823 


0627 


0631 


49 


43 


0836 


0840 


0844 


0848 


0853 


0857 


0861 


0865 


0870 


0874 


0878 


08S2 


43 


44 


0686 


0891 


0895 


0899 


0903 


09(18 


0912 


0916 


0920 


0924 


0929 


0933 


44 


46 


0937 


0941 


0015 


0050 


0954 


0958 


0962 


0966 


0970 


0975 


0979 


0983 


45 


46 


09H7 


0991 


0995 


1000 


1004 


1008 


1012 


lOlfl 


1020 


1025 


1029 


1033 


46 


47 


1037 


1041 


1045 


1049 


1054 


1058 


1062 


UHi6 


1070 


1074 


1078 


1*»*'9 


47 


48 


1087 


1091 


1095 


1099 


1103 


1107 


nil 


1115 


1119 


1123 


1128 


1139 


48 


40 


1136 


1140 


1144 


1148 


1152 


1156 


1160 


1104 


1168 


1172 


1176 


IINI 


40 


60 


9.11 85 


9.U89 


9.1193 


9.1197 


9.1201 


9.12<i5 


9.1209 


9.1213 


9.1217 


9.1221 


9.1225 


9.1299 


60 


61 


1233 


1237 


1241 


1245 


1249 


1253 


1257 


12.1 


1265 


1269 


1273 


1277 


61 


69 


1281 


12H5 


1289 


1293 


1297 


1301 


1305 


1300 


1313 


1317 


1321 


1395 


59 


63 


1329 


1333 


1337 


1341 


1345 


1349 


1353 


1357 


1361 


1365 


1369 


1373 


63 


64 


1377 


13HI 


13H5 


1380 


1393 


1397 


1401 


1405 


1409 


1413 


1417 


1420 


54 


66 


1424 


1428 


1432 


1436 


1440 


1444 


1448 


1452 


1466 


1460 


1464 


1468 


55 


66 


1471 


1476 


1479 


1483 


14S7 


1491 


1495 


1499 


1503 


1507 


1510 


1514 


66 


67 


1618 


1622 


1626 


1530 


1534 


1538 


1541 


1545 


1549 


1553 


1557 


1561 


67 


68 


1666 


1669 


1579 


1576 


15H0 


16^4 


15H{» 


1592 


1695 


1599 


1003 


1607 


68 


60 


1611 


1615 


1610 


1629 


1626 


1630 


l(>34 


163H 


1641 


1045 


1649 


I66S 


60 


1 
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Logarithms of the Meridian Distance. 


M. 


3 Hours. | 


M. 


0" 


5" 


10" 


16" 


20" 


25" 


30" 


35" 


40" 


46" 


50" 


66" 




1 

2 
3 
4 
5 
6 
7 
8 
9 


9.1657 
1702 
1748 
1793 
1838 
1882 
1926 
1970 
2014 
2067 


9.1661 
1706 
1751 
1796 
1841 
1886 
1930 
1974 
2018 
2061 


9.1664 
1710 
1756 
1800 
1845 
1889 
1934 
1978 
2021 
2065 


9.1668 
1714 
1759 
1804 
1849 
1893 
1937 
1981 
2025 
2068 


9.1672 
1717 
1763 
1808 
1852 
1897 
1941 
1985 
2028 
2072 


9.1676 
1721 
1766 
1811 
1856 
1900 
1945 
1988 
2032 
2075 


9.1680 
1725 
1770 
1815 
1860 
1904 
1948 
1992 
2036 
2079 


9.1683 
1729 
1774 
1819 
1864 
1908 
1952 
1996 
2039 
2083 


9.1087 
1733 
1778 
1823 
1867 
1912 
1956 
1999 
2043 
2086 


9.1691 
1736 
1781 
1826 
1871 
1915 
1959 
2003 
2047 
2090 


9.1696 
1740 
1785 
1830 
1875 
1919 
1963 
2007 
2050 
2093 


9.1699 
1744 
1789 
1834 
1878 
1923 
1967 
2010 
2064 
2097 




1 

2 
3 
4 

5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


9.2101 
2144 

2186 
2229 
2271 
2313 
2354 
2396 
2437 
2478 


9.2104 
2147 
2190 
2232 
2274 
2316 
2358 
2399 
2441 
2482 


9.2108 
2151 
2193 
2236 
2278 
2320 
2361 
2403 
2444 
2485 


9.2111 
2154 
2197 
2239 
2281 
2323 
2365 
2406 
2447 
2488 


9.2115 
2158 
2200 
2243 
2285 
2327 
2368 
2410 
2451 
2492 


9.2119 
2161 
2204 
2246 
2288 
2330 
2372 
2413 
2454 
2495 


9.2122 
2166 
2207 
2250 
2292 
2334 
2375 
2417 
2458 
2499 


9.2126 
2168 
2211 
2253 
2295 
2837 
2379 
2420 
2461 
2502 


9.2129 
2172 
2215 
2257 
2299 
2341 
2882 
2423 
2465 
2605 


9.2133 
2176 
2218 
2260 
2302 
2344 
2386 
2427 
2468 
2509 


9.2136 
2179 
2222 
2264 
2306 
2348 
2389 
2430 
2471 
2512 


9.2140 
2183 
2225 
2267 
2309 
2361 
2393 
2434 
2476 
2516 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.2519 
2559 
2600 
2640 
2680 
2719 
2759 
2798 
2837 
2876 


9.2522 
2563 
2603 
2643 
2683 
2723 
2762 
2801 
2840 
2879 


9.2526 
2566 
2606 
2646 
2686 
2726 
2765 
2804 
2843 
2882 


9.2529 
2570 
2610 
2650 
2690 
2729 
2768 
2808 
2846 
2885 


9.2532 
2573 
2613 
2653 
2693 
2732 
2772 
2811 
2850 
2888 


9.2536 
2576 
2616 
2656 
2696 
2736 
2775 
2814 
2853 
2892 


9.2539 
2580 
2620 
2660 
2699 
2739 
2778 
2817 
2856 
2895 


9.2543 
2583 
2623 
2663 
2703 
2742 
2782 
2821 
2859 
2898 


9.2546 
2586 
2626 
2666 
2706 
2746 
2785 
2824 
2863 
2901 


9.2549 
2590 
2630 
2670 
2709 
2749 
2788 
2827 
2866 
2904 


9.2553 
2593 
2633 
2673 
2713 
2752 
2791 
2830 
2869 
2908 


9.2656 
2696 
2636 
2676 
2716 
2766 
2795 
2834 
2872 
2911 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


30 
31 
32 
33 
34 
35 
30 
37 
38 
39 


9.2914 
2952 
2990 
3028 
3066 
3104 
3141 
3178 
3215 
3252 


9.2917 
2956 
2994 
3032 
3069 
3107 
3144 
3181 
3218 
3265 


9.2920 
2959 
2997 
3035 
3072 
3110 
3147 
3184 
3221 
3258 


9.2924 
2962 
3000 
3038 
3075 
3113 
3150 
3187 
3224 
3261 


9.2927 
2965 
3003 
3041 
3079 
3116 
3153 
3190 
3227 
3264 


9.2930 
2968 
3006 
3044 
3082 
3119 
3156 
3193 
3230 
3267 


9.2933 
2971 
3009 
3047 
3085 
3122 
3159 
3196 
3233 
3270 


9.2936 
2975 
3013 
3050 
3088 
3125 
3163 
3200 
3236 
3273 


9.2940 
2978 
3016 
3064 
8091 
3128 
3166 
3203 
3239 
3276 


9.2943 
2961 
3019 
3067 
3094 
8132 
3169 
3206 
3242 
3279 


9.2946 
2984 
3022 
3060 
3097 
3135 
3172 
3209 
3246 
3282 


9.2949 
2987 
3025 
8063 
3100 
3138 
3175 
3212 
8249 
3285 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.3288 
3324 
3360 
8396 
3432 
3468 
3503 
3538 
3573 
3608 


9.3291 
3327 
3363 
3399 
3435 
3471 
3606 
3541 
3576 
3611 


9.3294 
3330 
3366 
3402 
3438 
3474 
3509 
3544 
3579 
3614 


9.3297 
3333 
3369 
3405 
3441 
3477 
3512 
3547 
3582 
3617 


9.3300 
3336 
3372 
3408 
3444 
3479 
3515 
3550 
3585 
3620 


9.3303 
3330 
3375 
3411 
3417 
3482 
3518 
3553 
3588 
3622 


9.3306 
3342 
3378 
3414 
3450 
3485 
3521 
3566 
3591 
3625 


9.3309 
3345 
3381 
3417 
3453 
3488 
3524 
3559 
3594 
3628 


9.3312 
3348 
3384 
3420 
3456 
3491 
3527 
3662 
3596 
3631 


9.3315 
3851 
3387 
3423 
8459 
3494 
3629 
3564 
3699 
3634 


9.3318 
3354 
3390 
3426 
3462 
3497 
3582 
3567 
3602 
3637 


9.3821 
3367 
3393 
3429 
3465 
3500 
3535 
3570 
3605 
3640 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
56 
59 


9.3643 
3677 
3711 
3745 
3779 
3813 
3847 
3880 
3913 
8946 


9^646 
8680 
3714 
3748 
3782 
3816 
3850 
3883 
3916 
3919 


9.3648 
3683 
3717 
3751 
3785 
3819 
3852 
3886 
3919 
3952 


9.3651 
3686 
3720 
3764 
3788 
3822 
3865 
3888 
3922 
3956 


9.3654 
3689 
3723 
3757 
3791 
3824 
3858 

. 3891 
3924 
3957 


9.3657 
3691 
3726 
3760 
3793 
3827 
3861 
3894 
3927 
3960 


9.3660 
3694 
3728 
3762 
3796 
3830 
3863 
3897 
3930 
3963 


9.3663 
3697 
3731 
3765 
3799 
3833 
3866 
3900 
3933 
3966 


9.3666 
3700 
3734 
3768 
3802 
3836 
3869 
3902 
3935 
3968 


9.3669 
3703 
3737 
3771 
3806 
3838 
3872 
8905 
3938 
3971 


9.3671 
3706 
3740 
3774 
3808 
3841 
3875 
3908 
3941 
3974 


9.3674 
3709 
3743 
3777 
3810 
3844 
3877 
3911 
3944 
3977 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
























1 
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144 TABLE XVIII. 

Logarithms of the Meridian DisUnce. 


M. 


4 Hours. 


M. 


0" 


5" 


10" 


16" 


20" 


25" 


30" 


35" 


40" 


45" 


60" 


66" 




1 

2 
3 
4 

5 

6 
7 
8 
9 


9.3979 
4012 
4045 
4077 
4109 
4141 
4173 
4205 
4237 
4268 


9.3982 
4015 
4047 
4080 
4112 
4144 
4176 
4208 
4239 
4271 


9.3985 
4018 
4050 
4082 
4115 
4147 
4179 
4210 
4242 
4273 


9.3988 
4020 
4053 
4085 
4117 
4149 
4181 
4213 
4245 
4276 


9.3990 
4023 
4055 
4088 
4120 
4152 
4184 
4216 
4247 
4279 


9.3993 
4026 
4058 
4091 
4123 
4155 
4187 
4218 
4250 
4281 


9.3996 
4028 
4061 
4093 
4125 
4157 
4189 
4221 
4252 
4284 


9.3998 
4031 
4064 
4096 
4128 
4160 
4102 
4224 
4255 
4286 


9.4001 
4034 
4066 
4099 
4131 
4163 
4195 
4226 
4258 
4289 


9.4004 
4037 
4069 
4101 
4133 
4165 
4197 
4229 
4260 
4292 


9.4007 
4039 
4072 
4104 
4136 
4168 
4200 
4231 
4263 
4294 


9.4009 
4042 
4074 
4107 
4139 
4171 
4202 
4234 
4266 
4297 




1 

2 
S 

4 
6 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.4300 
4331 
4362 
4392 
4423 
4454 
4484 
4514 
4545 
4574 


9.4302 
4333 
4364 
4395 
4426 
4456 
4487 
4517 
4547 
4577 


9.4305 
4336 
4367 
4398 
4428 
4459 
4489 
4519 
4550 
4580 


9.4307 
4338 
4369 
4400 
4431 
4461 
4492 
4522 
4652 
4582 


9.4310 
4341 
4372 

4403 
4433 
4464 
4494 
4624 
4655 
4584 


0.4312 
4344 
4376 
4406 
4436 
4466 
4497 
4627 
4657 
4687 


9.4315 
4346 
4377 
4408 
4438 
4469 
4499 
4529 
4559 
4589 


9.4318 
4349 
4380 
4410 
4441 
4471 
4602 
4532 
4562 
4692 


9.4320 
4351 
4382 
4413 
4443 
4474 
4604 
4534 
4564 
4594 


9.4323 
4354 
4385 
4416 
4446 
4477 
4607 
4637 
4667 
4597 


9.4326 
4356 
4387 
4418 
4449 
4479 
4609 
4639 
4569 
4699 


0.4328 
4359 
4390 
4421 
4451 
4482 
4612 
4642 
4672 
4602 


10 
11 
12 
IS 
14 
15 
16 
17 
18 
19 


9.4604 
4634 
4663 
4693 
4722 
4751 
4780 
4809 
4838 
4866 


9.4607 
4636 
4666 
4695 
4725 
4754 
4783 
4811 
4840 
4869 


9.4609 
4639 
4668 
4698 
4727 
4756 
4785 
4814 
4843 
4871 


9.4612 
4641 

4671 
4700 
4729 

4758 
4787 
4816 
4845 
4873 


9.4614 
4644 
4673 
4703 
4732 
4761 
4790 
4819 
4847 
4876 


9.4617 
4646 
4676 
4705 
4734 
4763 
4792 
4821 
4850 
4878 


9.4619 
4649 
4678 
4708 
4737 
4766 
4795 
4823 
4862 
4881 


9.4622 
4651 
4681 
4710 
4739 
4768 
4797 
4826 
4854 
4883 


9.4624 
4654 
4683 
4712 
4742 
4771 
4799 
4828 
4857 
4885 


9.4627 
4656 
4686 
4715 
4744 
4773 
4802 
4831 
4869 
4888 


9.4629 
4659 
4688 
4717 
4746 
4776 
4804 
4833 
4862 
4800 


0.4631 
4661 
4690 
4720 
4740 
4778 
4807 
4836 
4864 
4892 


20 
21 
22 

23 
24 
26 
26 

27 
28 
20 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.4895 
4923 
4951 
4979 
5007 
5035 
5063 
5090 
5117 
5145 


9.4897 
4925 
4954 
4982 
5009 
5037 
6065 
5092 
5120 
5147 


9.4899 
4928 
4956 
4984 
6012 
6039 
5067 
5095 
6122 
5149 


9.4902 
4930 
4958 
4986 
6014 
5042 
6069 
6097 
6124 
5151 


9.4904 
4932 
4961 
4989 
6016 
6044 
6072 
6099 
6126 
6154 


9.4907 
4935 
4963 
4991 
6019 
6046 
6074 
6101 
6129 
6156 


9.4909 
4937 
4966 
4993 
6021 
6040 
6076 
6104 
6131 
6158 


9.4911 
4939 
4968 
4996 
6023 
6051 
6079 
6106 
6133 
6160 


9.4914 
4942 
4970 
4998 
6026 
6053 
6081 
6108 
6136 
6163 


9.4916 
4944 
4972 
6000 
6028 
6056 
6083 
6111 
6138 
6165 


9.4918 
4946 
4975 
6002 
6030 
6058 
6086 
5113 
6140 
6167 


9.4921 
4949 
4977 
6005 
6033 
6060 
6088 
6116 
6142 
6170 


30 
31 
32 
S3 
34 
36 
36 
37 
38 
30 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.5172 
5199 
5226 
5252 
5279 
5306 
5332 
5358 
5384 
5410 


9.5174 
5201 
6226 
5256 
6281 
5308 
5334 
5360 
5386 
6413 


9.5170 
6203 
5230 
5257 
5283 
5310 
6336 
5363 
5389 
6415 


9.5179 
5206 
6232 
6259 
6286 
5312 
5338 
5366 
6391 
6417 


9.6181 
6208 
6236 
6261 
6288 
6314 
6341 
5367 
6393 
6419 


9.5183 
5210 
5237 
6264 
6290 
6317 
6343 
6369 
6396 
6421 


9.6185 
6212 
6239 
6266 
5292 
6319 
6345 
5371 
6397 
6423 


9.6188 
6214 
6241 
6268 
6296 
6321 
6347 
5378 
6400 
6425 


9.6190 
6217 
6243 
62T0 
6297 
6323 
6349 
6376 
6402 
6428 


0.6192 
6219 
6246 
6272 
6299 
6326 
6352 
6378 
6404 
6430 


9.5194 
6221 
6248 
6275 
6301 
6328 
6354 
6380 
6406 
6432 


9.6197 
6223 
6250 
6277 
6303 
6930 
6366 
6382 
6408 
6434 


40 
41 
42 

48 
44 

46 
46 

47 
48 
40 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


9.5436 
5462 
5488 
5513 
5539 
5564 
5589 
5614 
5639 
5664 


9.5438 
5464 
5490 
5516 
6541 
6566 
6591 
6616 
5641 
5666 


9.5441 
5466 
5492 
5517 
6543 
6568 
5593 
6618 
6643 
6668 


9.5443 
6468 
5494 
5520 
6546 
6670 
6596 
6621 
6646 
5670 


9.5446 
5471 
5496 
5522 
5547 
6572 
6598 
6623 
6648 
6672 


9.5447 
5473 
6498 
6524 
6549 
6675 
6600 
6626 
6650 
6674 


9.6449 
6475 
6500 
6626 
6551 
6677 
6602 
6627 
6652 
5677 


9.5451 
6477 
6503 
6628 
6663 
6679 
6604 
6629 
6664 
6679 


9.6453 
6479 
6505 
6530 
6656 
6681 
6606 
6631 
6656 
6681 


9.5456 
6481 
6507 
6632 
6558 
6583 
6608 
6633 
6658 
6683 


0.6458 
6483 
6500 
6534 
6660 
6585 
6610 
6636 
6660 
6686 


9.5460 
6486 
6611 
6637 
6662 
6687 
6612 
6637 
6662 
6687 


60 
61 
62 
68 
64 
66 
66 
57 
68 
60 





























Digitized by 



Google 



TABLE XVIII. 145 

Logarithms of the Meridian Distance. 


M. 


5 HouBs. I 


M. 


0" 


5" 


10" 


15" 


20" 


26" 


30" 


35" 


40" 


46" 


50" 


56" 




1 
« 

3 

4 
5 
6 
7 
8 
9 


9.5689 
5714 
5738 
5762 
5787 
5811 
5835 
5859 
5883 
5907 


9.5691 
5716 
5740 
5765 
5789 
5813 
5837 
5861 
5885 
5909 


9.5693 
5718 
5742 
5767 
5791 
5815 
5839 
5863 
5887 
5911 


9.5696 
5720 
5744 
5769 
5793 
5817 
5841 
5865 
5889 
5913 


9.6697 
5722 
5746 
5771 
5796 
5819 
5843 
6867 
5891 
5916 


9.6699 
5724 
5748 
5773 
5797 
5821 
5846 
5869 
5893 
5917 


9.6701 
6726 
5760 
5776 
5799 
5823 
5847 
5871 
5896 
6919 


9.6703 
5728 
5762 
5777 
5801 
5826 
6849 
5873 
5897 
5921 


9.6706 
6730 
5764 
6779 
5803 
5827 
5861 
5876 
5899 
5922 


9.6707 
5732 
5766 
5781 
5806 
6829 
5863 
5877 
5901 
6924 


9.6709 
5734 
5768 
5783 
5807 
5831 
5856 
5879 
5903 
5926 


9US711 
6736 
5760 
5786 
5809 
6833 
6867 
5881 
6906 
6928 


"o 

1 

2 
3 
4 

6 
6 
7 
8 
9 

1^ 
11 
12 
13 
14 
16 
16 
17 
18 
19 


10 
11 
12 
IS 
14 
15 
16 
17 
18 
19 


9.5930 
5954 
5977 
6001 
6024 
6047 
6070 
6093 
6116 
6139 


9.5932 
5956 
5979 
6003 
6026 
6049 
6072 
6095 
6118 
6141 


9.5934 
5958 
5981 
6006 
6028 
6051 
6074 
6097 
6120 
6142 


9.6936 
5960 
5983 
6007 
6030 
6053 
6076 
6099 
6122 
6144 


9.6938 
5962 
5986 
6008 
6032 
6055 
6078 
6101 
6124 
6146 


9.5940 
5964 
5987 
6010 
6034 
6067 
6080 
6103 
6125 
6148 


9.6942 
6966 
5989 
6012 
6036 
6069 
6082 
6106 
6127 
6160 


9.6944 
6968 
5991 
6014 
6037 
6061 
6084 
6106 
6129 
6162 


9.6946 
6970 
5993 
6016 
6039 
6062 
6086 
6108 
6131 
6164 


9.5948 
5972 
5996 
6018 
6041 
6064 
6087 
6110 
6133 
6166 


9.6960 
5973 
6997 
6020 
6043 
6066 
6089 
6112 
6136 
6168 


9.6962 
6976 
5999 
6022 
6046 
6068 
6091 
6114 
6137 
6169 


SO 
21 
22 
28 
24 
25 
26 
27 
28 
29 


9.6161 
6184 
6206 
6229 
6251 
6273 
6295 
6317 
6339 
6361 


9.6163 
6186 
6208 
6230 
6253 
6276 
6297 
6319 
6341 
6362 


9.6165 
6188 
6210 
6232 
6255 
6277 
6299 
6321 
6342 
6364 


9.6167 
6189 
6212 
6234 
6266 
6278 
6301 
6322 
6344 
6366 


9.6169 
6191 
6214 
6236 
6268 
6280 
6302 
6324 
6346 
6368 


9.6171 
6193 
6216 
6238 
6260 
6282 
6304 
6326 
6348 
6870 


9.6173 
6196 
6217 
6240 
6262 
6284 
6306 
6328 
6360 
6371 


9.6174 
6197 
6219 
6242 
6264 
6286 
6808 
6330 
6352 
6373 


9.6176 
6199 
6221 
6243 
6266 
6288 
6310 
6332 
6363 
6376 


9.6178 
6201 
6223 
6245 
6267 
6290 
6311 
6333 
6366 
6377 


9.6180 
6203 
6226 
6247 
6269 
6291 
6313 
6336 
6367 
6379 


9.6182 
6204 
6227 
6249 
6271 
6293 
6316 
6337 
6369 
6380 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


80 
31 
32 
S3 
84 
35 
36 
87 
38 
89 


9.6382 
6404 
6425 
6447 
6468 
6489 
6510 
6531 
6552 
6573 


9.6384 
6406 
6427 
6448 
6470 
6491 
6512 
6533 
6554 
6575 


9^6386 
6407 
6429 
6460 
6471 
6493 
6614 
6535 
6566 
6676 


9.6388 
6409 
6431 
6462 
6473 
6494 
6615 
6536 
6567 
6578 


9.6389 
6411 
6433 
6464 
6475 
6496 
6517 
6638 
6569 
6580 


9.6391 
6413 
6434 
6465 
6477 
6498 
6519 
6540 
6561 
6582 


9.6393 
6415 
6436 
6467 
6478 
6600 
6521 
6542 
6562 
6583 


9.6395 
6416 
6438 
6459 
6480 
6601 
6622 
6543 
6564 
6585 


9-6397 
6418 
6439 
6461 
6482 
6503 
6524 
6645 
6666 
6587 


9.6398 
6420 
6441 
6463 
6484 
6606 
6686 
6647 
6668 
6688 


9.6400 
6422 
6443 
6464 
6486 
6607 
6628 
6649 
6569 
6690 


94>402 
6423 
6446 
6466 
6487 
6608 
6629 
6660 
6671 
6692 


SO 
31 
32 
33 
34 
36 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.6594 
6614 
6635 
6655 
6676 
6696 
6716 
6736 
6756 
6776 


9.6595 
6616 
6637 
6657 
6677 
6698 
6718 
6738 
6758 
6778 


9.6697 
6618 
6638 
6659 
6679 
6699 
6719 
6740 
6760 
6779 


9.6699 
6619 
6640 
6660 
6681 
6701 
6721 
6741 
6761 
6781 


9.6601 
6621 
6642 
6662 
6682 
6703 
6723 
6743 
6763 
6783 


9.6602 
6623 
6643 
6664 
6684 
6704 
6724 
6745 
6765 
6784 


9.6604 
6625 
6645 
6665 
6686 
6706 
6726 
6746 
6766 
6786 


9.6606 
6626 
6647 
6667 
6687 
6708 
6728 
6748 
6768 
6788 


9.6607 
6628 
6648 
6669 
6689 
6709 
6729 
6760 
6769 
6789 


9.6609 
6630 
6649 
6671 
6691 
6711 
6731 
6761 
6771 
6791 


9.6611 
6631 
6662 
6672 
6693 
6713 
6733 
6763 
6773 
6793 


9.6613 
6683 
6664 
6674 
6694 
6714 
6735 
6766 
6774 
6794 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 

60 
61 
62 
63 
64 
66 
56 
67 
68 
69 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


9.6796 
6816 
6835 
6855 
6874 
6894 
6913 
6932 
6952 
6971 


9.6798 
6817 
6837 
6857 
6876 
6895 
6915 
6934 
6953 
6972 


9.6799 
6819 
6839 
6868 
6878 
6897 
6916 
6936 
6965 
6974 


9.6801 
6821 
6840 
6860 
6879 
6899 
6918 
6937 
6956 
6975 


9.6803 
6822 
6842 
6861 
6881 
6900 
6920 
6939 
6968 
6977 


9.6804 
6824 
6844 
6863 
6883 
6902 
6921 
6940 
6960 
6979 


9j6806 
6826 
6845 
6865 
6884 
6904 
6923 
6942 
6961 
6980 


9j6807 
6827 
6847 
6866 
6886 
6905 
6924 
6944 
6963 
6982 


94S809 
6829 
6848 
6868 
6887 
6907 
6926 
6945 
6964 
6983 


9.6811 
6830 
6860 
6870 
6889 
6908 
6928 
6947 
6966 
6986 


9.6812 
6832 
6862 
6872 
6891 
6910 
6929 
6948 
6967 
6987 


9.6814 
6834 
6863 
6873 
6892 
6912 
6931 
6960 
6969 
6988 
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14G TABLE XVin 

Logarithms of the Meridian Distance. 


M. 


6 Hotms. 


M. 


0" 


5" 


10" 


16" 


20" 


25" 


SO" 


35" 


40" 


45" 


60" 


56" 




1 

2 
3 

4 
5 
6 
7 
8 
9 


9.6990 
7009 
7027 
7046 
7065 
7083 
7102 
7120 
7139 
7157 


9.6991 
7010 
7029 
7048 
7066 
7085 
7103 
7122 
7140 
7158 


9.6993 
7012 
7031 
7049 
7068 
7086 
7105 
7123 
7142 
7160 


9.6994 
7013 
7032 
7061 
7069 
7088 
7106 
7125 
7143 
7161 


9.6996 
7015 
7034 
7062 
7071 
7090 
7108 
7126 
7145 
7163 


9.6998 
7016 
7035 
7054 
7073 
7091 
7110 
7128 
7146 
7164 


9.6999 
7018 
7037 
7066 
7074 
7093 
7111 
7129 
7148 
7166 


9.7001 
7020 
7038 
7057 
7076 
7094 
7113 
7131 
7149 
7168 


9.7002 
7021 
7040 
7069 
7077 
7096 
7114 
7133 
7161 
7169 


9.7004 
7023 
7041 
7060 
7079 
7097 
7116 
7134 
7152 
7171 


9.7006 
7024 
7043 
7062 
7080 
7099 
7117 
7136 
7164 
7172 


9.7007 
7026 
7045 
7063 
7082 
7100 
7119 
7137 
7155 
7174 




1 

2 
3 
4 

5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


9.7175 
7193 
7211 
7229 
7247 
7265 
7282 
7300 
7318 
7335 


9.7177 
7195 
7213 
7231 

7248 
7266 
7284 
7302 
7319 
7337 


9.7178 
7196 
7214 
7232 
7250 
7268 
7285 
7303 
7321 
7338 


9.7180 
7198 
7216 
7234 
7251 
7269 
7287 
7305 
7322 
7340 


9.7181 
7199 
7217 
7236 
7253 
7271 
7288 
7306 
7324 
7341 


9.7183 
7201 
7219 
7237 
7254 
7272 
7290 
7307 
7325 
7342 


9.7184 
7202 
7220 
7238 
7256 
7274 
7291 
7309 
7326 
7344 


9.7186 
7203 
7222 
7240 
7257 
7275 
7293 
7310 
7328 
7346 


9.7187 
7205 
7223 
7241 
7259 
7277 
7294 
7312 
7329 
7347 


9.7189 
7207 
7225 
7243 
7260 
7278 
7296 
7313 
7331 
7348 


9.7190 
7208 
7226 
7244 
72C2 
7280 
7297 
7315 
7332 
7360 


9.7192 
7210 
7228 
7246 
7263 
7281 
7299 
7316 
7334 
7351 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.7353 
7370 
7387 
7404 
7421 
7438 
7465 
7472 
7489 
7506 


9.7354 
7371 
7389 
7406 
7423 
7440 
7457 
7474 
7490 
7507 


9.7355 
7373 
7390 
7407 
7424 
7441 
7458 
7475 
7492 
7509 


9.7357 
7374 
7391 
7409 
7426 
7443 
7460 
7476 
7493 
7510 


9.7358 
7376 
7393 
7410 
7427 
7444 
7461 
7478 
7495 
7611 


9.7360 
7877 
7394 
7411 
7429 
7446 
7462 
7479 
7496 
7513 


9.7361 
7379 
7396 
7413 
7430 
7447 
7464 
7481 
7497 
7514 


9.7363 
7380 
7397 
7414 
7431 
7448 
7465 
7482 
7499 
7616 


9.7864 
7381 
7309 
7416 
7433 
7450 
7467 
7483 
7500 
7617 


9.7366 
7383 
7400 
7417 
7434 
7451 
7468 
7485 
7502 
7518 


9.7367 
7384 
7401 
7419 
7436 
7463 
7469 
7486 
7503 
7520 


9.7368 
7386 
7403 
7420 
7437 
7454 
7471 
7488 
7504 
7521 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


9.7522 
7539 
7556 
7572 
7588 
7605 
7621 
7637 
7653 
7669 


9.7524 
7540 
7557 
7573 
7590 
7606 
7622 
7638 
7654 
7670 


9.7526 
7542 
7558 
7575 
7691 
7607 
7624 
7640 
7656 
7672 


9.7527 
7643 
7660 
7576 
7592 
7609 
7625 
7641 
7657 
7673 


9.7528 
7545 
7561 
7577 
7594 
7610 
7626 
7642 
7658 
7674 


9.7529 
7546 
7562 
7579 
7596 
7611 
7628 
7644 
7660 
7676 


9.7531 
7547 
7564 
7580 
7597 
7613 
7629 
7646 
7661 
7677 


9.7632 
7549 
7565 
7582 
7698 
7614 
7630 
7646 
7662 
7678 


9.7634 
7550 
7567 
7683 
7509 
7616 
7632 
7648 
7664 
7680 


9.7536 
7561 
7668 
7684 
7601 
7617 
7633 
7649 
7665 
7681 


9.7636 
7553 
7569 
7586 
7602 
7618 
7634 
7650 
7666 
7682 


9.7538 
7664 
7671 
7587 
7603 
7620 
7636 
7652 
7668 
7684 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
40 
47 
48 
49 


9.7685 
7701 
7717 
7732 
7748 
7764 
7779 
7795 
7810 
7826 


9.7686 
7702 
7718 
7734 
7749 
7765 
7780 
7796 
7811 
7827 


9.7688 
7704 
7719 
7735 
7751 
7766 
7782 
7797 
7813 
7828 


9.7689 
7705 
7721 
7736 
7752 
7768 
7783 
7798 
7814 
7829 


9.7690 
7706 
7722 
7738 
7753 
7769 
7784 
7800 
7815 
7830 


9.7692 
7707 
7723 
7739 
7756 
7770 
7786 
7801 
7816 
7832 


9.7693 
7709 
7726 
7740 
7756 
7771 
7787 
7802 
7818 
7833 


9.7694 
7710 
7726 
7742 
7767 
7773 
7788 
7804 
7819 
7834 


9.7696 
7711 

7727 
7743 
7768 
7774 
7789 
7805 
7820 
7835 


9.7697 
7713 
7728 
7744 
7760 
7775 
7791 
7806 
7821 
7837 


9.7698 
7714 
7730 

7745 
7761 
7777 
7792 
7807 
7823 
7838 


9.7700 
7715 
7731 

7747 
7762 
7778 
7793 
7809 
7824 
7839 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


9.7841 
7856 
7871 
7886 
7901 
7916 
7931 
7945 
7960 
7975 


9.7842 
7857 
7872 
7887 
7902 
7917 
7932 
7947 
7961 
7976 


9.7843 
7858 
7873 
7888 
7903 
7918 
7933 
7948 
7963 
7977 


9.7844 
7860 
7875 
7890 
7905 
7919 
7934 
7949 
7964 
7978 


9.7846 
7861 
7876 
7891 
7906 
7921 
7936 
7950 
7965 
7980 


9.7847 
7862 
7877 
7892 
7907 
7922 
7937 
7961 
7966 
7981 


9.7848 
7863 
7878 
7893 
7908 
7923 
7938 
7953 
7967 
7982 


9.7849 
7865 
7880 
7895 
7910 
7924 
7939 
7954 
7969 
7983 


9.7851 
7866 
7881 
7896 
7911 
7926 
7940 
7956 
7970 
7984 


9.7852 
7867 
7882 
7897 
7912 
7927 
7942 
7956 
7971 
7986 


9.7853 
7868 
7883 
7898 
7913 
7928 
7943 
7958 
7972 
7987 


9.7854 
7870 
7885 
7900 
7916 
7929 
7944 
7959 
7973 
7988 


50 
61 
52 
53 
54 
56 
56 
57 
58 
«9 


^1^^,^ 
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TABLE XVIII. 147 

Logarithms of the Meridian Distance. 


M. 


7 nouBs. 1 


M. 


C' 


5" 


10" 


15'' 


20" 


25'' 


30" 


86" 


40" 


45" 


50" 


56'' 



1 
2 
3 
4 
5 
6 
7 
8 
9 


9.7989 
8004 
8018 
8033 
8047 
8061 
8075 
8090 
8104 
8118 


9.7991 
8005 
8020 
8034 
8048 
8062 
8077 
8091 
8105 
8119 


9.7992 
8006 
8021 
8035 
8049 
8064 
8078 
8092 
8106 
8120 


9.7993 
8008 
8022 
8036 
8051 
8065 
8079 
8093 
8107 
8121 


9.7994 
8009 
8023 
8037 
8052 
8066 
8080 
8094 
8108 
8122 


9.7995 
8010 
8024 
8039 
8053 
8067 
8081 
8095 
8109 
8123 


9.7997 
8011 
8026 
8040 
8054 
8068 
8083 
8097 
8111 
8126 


9.7998 
8012 
8027 
8041 
8055 
8070 
8084 
8098 
8112 
8126. 


9.7999 
8014 
8028 
8042 
8057 
8071 
8086 
8099 
8113 
8127 


9.8000 
8016 
8029 
8043 
8058 
8072 
8086 
8100 
8114 
8128 


9.8001 
8016 
8030 
8045 
8069 
8073 
8087 
8101 
8115 
8129 


9.8003 
8017 
8032 
8046 
8060 
8074 
8088 
8102 
8116 
8130 




1 

2 
3 

4 

5 

•6 

7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


9.8132 
8145 
8159 
8173 
8187 
8200 
8214 
8227 
8241 
8254 


9.8133 
8147 
8160 
8174 
8188 
8201 
8215 
8228 
8242 
8255 


9.8134 
8148 
8161 
8175 
8189 
8202 
8216 
8229 
8243 
8256 


9.8136 
8149 
8163 
8176 
8190 
8204 
8217 
8231 
8244 
8267 


9.8136 
8150 
8164 
8178 
8191 
8205 
8218 
8232 
8245 
8258 


9.8137 
8151 
8165 
8179 
8192 
8206 
8219 
8233 
8246 
8260 


9.8138 
8152 
8166 
8180 
8193 
8207 
8221 
8234 
8247 
8261 


9.8140 
8153 
8167 
8181 
8195 
8208 
8222 
8235 
8248 
8262 


9.8141 
8155 
8168 
8182 
8196 
8209 
8223 
8236 
8260 
8263 


9.8142 
8156 
8170 
8183 
8197 
8210 
8224 
8237 
8251 
8264 


9.8143 
8167 
8171 
8184 
8198 
8212 
8225 
8238 
8252 
8265 


9.8144 
8158 
8172 
8186 
8199 
8213 
8226 
8240 
8263 
8266 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19' 
20 
21 
22 
23 
24 
25 
^6 
27 
28 
29 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


9.8267 
8281 
8294 
8307 

' 8320 
8333 
8346 
8359 
8372 
8384 


9.8268 
8282 
8295 
8308 
8321 
8334 
8347 
8360 
8373 
8385 


9.8270 
8283 
8296 
8309 
8322 
8335 
8348 
8361 
8374 
8386 


9.8271 
8284 
8297 
8310 
8323 
8336 
8349 
8362 
8376 
8387 


9.8272 
8285 
8298 
8311 
8324 
8337 
8360 
8363 
8376 
8389 


9.8273 
8286 
8299 
8312 
8325 
8338 
8361 
8364 
8377 
8390 


9.8274 
8287 
8300 
8313 
8326 
8339 
8352 
8365 
8378 
8391 


9.8275 
8288 
8301 
8315 
8328 
8340 
8353 
8366 
8379 
8392 


9.8276 
8289 
8303 
8316 
8329 
8342 
8354 
8367 
8380 
8393 


9.8277 
8290 
8304 
8317 
8330 
8343 
8356 
8368 
8381 
8394 


9.8278 
8292 
8305 
8318 
8331 
8344 
8357 
8369 
8382 
8396 


9.8279 
8293 
8306 
8319 
8332 
8345 
8358 
8370 
8383 
8396 


30 
31 
32 
33 
34 
85 
36 
87 
38 
39 


9.8397 
8410 
8422 
8435 
8447 
8460 
8472 
8484 
8496 
8509 


9.8398 
8411 
8423 
8436 
8448 
8461 
8473 
8485 
8497 
8510 


9.8399 
8412 
8424 
8437 
8449 
8462 
8474 
8486 
8498 
8511 


9.8400 
8413 
8425 
8438 
8460 
8463 
8475 
8487 
8499 
8612 


9.8401 
8414 
8426 
8439 
8451 
8464 
8476 
8488 
8500 
8513 


9.8402 
8415 
8427 
8440 
8452 
8465 
8477 
8489 
8501 
8514 


9.8403 
8416 
8428 
8441 
8453 
8466 
8478 
8490 
8502 
8515 


9.8404 
8417 
8429 
8442 
8464 
8467 
8479 
8491 
8503 
8516 


9.8405 
8418 
8431 
8443 
8455 
8468 
8480 
8492 
8504 
8517 


9.8406 
8419 
8432 
8444 
8456 
8469 
8481 
8493 
8605 
8518 


9.8408 
8420 
8433 
8445 
8457 
8470 
8482 
8494 
8507 
8519 


9.8409 
8421 
8434 
8446 
8459 
8471 
8483 
8495 
8508 
8520 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


9.8521 
8533 
8545 
8557 
8568 
8580 
8592 
8604 
8615 
8627 


9.8522 
8534 
8546 
8558 
8569 
8581 
8593 
8605 
8616 
8628 


9.8523 
8535 
8547 
8559 
8570 
8582 
8594 
8606 
8617 
8629 


9.8624 
8536 
8548 
8560 
8571 
8683 
8696 
8607 
8618 
8630 


9.8625 
8637 
8549 
8561 
8572 
8684 
8596 
8608 
8619 
8631 


9.8626 
8538 
8550 
8562 
8573 
8585 
8597 
8609 
8620 
8632 


9.8627 
8539 
8551 
8563 
8574 
8586 
8698 
8610 
8621 
8633 


9.8628 
8540 
8552 
8564 
8575 
8687 
8599 
8611 
8622 
8634 


9.8629 
8641 
8663 
8665 
8676 
8588 
8600 
8611 
8623 
8635 


9.85^0 
8542 
8554 
8566 
8677 
8589 
8601 
8612 
8624 
8636 


9.8531 
8543 
8655 
8566 
8578 
8590 
8602 
8613 
8625 
8637 


9.8632 
8544 
8666 
8567 
8579 
8691 
8603 
8614 
8626 
8638 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


9.8638 
8650 
8661 
8673 
8684 
8695 
8706 
8718 
8729 
8740 


9.8639 
8651 
8662 
8674 
8685 
8696 
8707 
8719 
8730 
8741 


9.8640 
8652 
8663 
8675 
8686 
8697 
8708 
8719 
8731 
8742 


9.8641 
8653 
8664 
8676 
8687 
8698 
8709 
8720 
8731 
8742 


9.8642 
8654 
8665 
8676 
8688 
8699 
8710 
8721 
8732 
8743 


9.8643 
8655 
8666 
8677 

■ 8689 
8700 
8711 
8722 
8733 
8744 


9.8644 
8656 
8667 
8678 
8690 
8701 
8712 
8723 
8734 
8745 


9.8646 
8657 
8668 
8679 
8691 
8702 
8713 
8724 
8735 
8746 


9.8646 
8668 
8669 
8680 
8692 
8703 
8714 
8726 
8736 
8747 


9.8647 
8659 
8670 
8681 
8692 
8704 
8715 
8726 
8737 
8748 


9.8648 
8659 
8671 
8682 
8693 
8705 
8716 
8727 
8738 
8749 


9.8649 
8660 
8672 
8683 
8604 
8706 
8717 
8728 
8739 
8760 


60 
61 
52 
53 
54 
55 
56 
57 
58 
59 


1 


1 
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TABLE XIX. 151 
Proportional Logarithms for 24 Degrees or Hours. 


Degrees, or Hours : or Minutes. 


/ 

or" 





1 


2 


3 


4 


5 


6 


7 8 


9 


10 


11 


12 


13 


14 


or'' 



1 
2 
3 
4 
5 
6 
7 
8 
9 


3.1584 
2.8573 
2.6812 
2.5563 
2.4594 
2.3802 
2.3133 
2.2553 
2.2041 


1.3802 
1.3730 
1.3660 
1.3590 
1.3522 
1.3454 
1.3388 
1.3323 
1.3259 
1.3195 


1.0792 
1.0756 
1.0720 
1.0685 
1.0649 
1.0614 
1.0580 
1.0546 
1.0512 
1.0478 


9031 
9007 
8983 
8959 
8935 
8912 
8888 
8865 
8842 
8819 


7781 
7763 
7746 
7728 
7710 
7692 
7674 
7667 
7639 
7622 


6812 
6798 
6784 
6769 
6755 
6741 
6726 
6712 
6698 
6684 


6021 
6009 
5997 
5986 
5973 
5961 
6949 
6937 
6926 
5913 


6351 
6341 
6330 
5320 
6309 
5300 
6289 
5279 
6269 
5269 


4771 
4762 
4763 
4744 
4736 
4726 
4717 
4708 
4699 
4600 


4260 
4262 
4244 
4236 
4228 
4220 
4212 
4204 
4196 
4188 


3802 
3796 
3788 
3780 
3763 
3766 
3769 
3762 
3746 
3737 


3388 
3382 
3376 
3368 
3362 
3366 
3349 
3342 
3336 
3329 


3010 
3004 
2998 
2992 
2986 
2980 
2974 
2968 
2962 
2966 


2663 
2667 
2662 
2646 
2640 
2635 
2629 
2624 
2618 
2613 


2341 
2336 
2330 
2325 
2320 
2316 
2310 
2306 
2300 
2296 



1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


2.1584 
2.1170 
2.0792 
2.0444 
2.0122 
1.9823 
1.9542 
1.9279 
1.9031 
1.8796 


1.3133 
1.3071 
1.3010 
1.2950 
1.2891 
1.2833 
1.2775 
1.2719 
1.2663 
1.2607 


1.0444 
1.0411 
1.0378 
1.0345 
1.0313 
1.0280 
1.0248 
1.0216 
1.0185 
1.0153 


8796 
8773 
8751 
8728 
8706 
8683 
8661 
8639 
8617 
8605 


7604 
7687 
7670 
7562 
7536 
7618 
7601 
7484 
7467 
7461 


6670 
6666 
6642 
6628 
6614 
6600 
6587 
6673 
6569 
6546 


6902 
6890 
6878 
5866 
5856 
5843 
5832 
6820 
6809 
5797 


6249 
6239 
5229 
6219 
6209 
6199 
5189 
5179 
6169 
5169 


4682 
4673 
4664 
4666 
4646 
4638 
4629 
4620 
4611 
4603 


4180 
4172 
4164 
4166 
4148 
4141 
4133 
4126 
4117 
4109 


3730 
3723 
3716 
3709 
3702 
3696 
3688 
3681 
3674 
3667 


3323 
3316 
3309 
3303 
3297 
3291 
3284 
3278 
3271 
3266 


2950 
2944 
2938 
2933 
2927 
2921 
2915 
2909 
2003 
2807 


2607 
2602 
2696 
2691 
2685 
2580 
2574 
2569 
2664 
2658 


2289 
2284 
2279 
2274 
2269 
2264 
2269 
2264 
2249 
2244 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


1.8573 
1.8361 
1.8159 
1.7966 
1.7782 
1.7604 
1.7434 
1.7270 
1.7112 
1.6960 


1.2553 
1.2499 
1.2445 
1.2393 
1.2341 
1.2280 
1.2239 
1.2188 
1.2139 
1.2090 


1.0122 
1.0091 
1.0061 
1.0030 
1.0000 
0.9970 
0.9940 
0.9910 
0.9881 
0.9852 


8673 
8562 
8530 
8509 
8487 
8466 
8445 
8424 
8403 
8382 


7434 
7417 
7401 
7384 
7368 
7361 
7336 
7318 
7302 
7286 


6532 
6518 
6505 
6492 
6478 
6465 
6461 
6438 
6425 
6412 


5786 
5774 
5763 
5752 
5740 
6729 
5718 
6706 
5695 
5684 


5149 
5139 
6129 
6120 
5110 
6100 
6090 
6081 
6071 
6061 


4594 
4686 
4677 
4668 
4659 
4561 
4642 
4634 
4626 
4516 


4102 
4094 
4086 
4079 
4071 
4063 
4055 
4048 
4040 
4032 


3660 
3653 
3646 
3639 
3632 
3625 
3618 
3611 
3604 
3697 


3268 
3262 
3246 
3239 
3233 
3227 
3220 
3214 
3208 
3201 


2891 
2886 
2880 
2874 
2868 
2862 
2856 
2850 
2846 
2839 


2563 
2647 
2642 
2636 
2631 
2626 
2620 
2616 
2510 
2604 


2239 
2234 
2229 
2223 
2218 
2213 
2208 
2203 
2198 
2193 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


1.6812 
1.6670 
1.6532 
1.6398 
1.6269 
1.6143 
1.6021 
1.6902 
1.5786 
1.6673 


1.2041 
1.1993 
1.1946 
1.1899 
1.1852 
1.1806 
1.1761 
1.1716 
1.1671 
1.1627 


0.9823 
0.9794 
0.9765 
0.9737 
0.9708 
0.9680 
0.9652 
0.9625 
0.9597 
0.9570 


8361 
8341 
8320 
8300 
8279 
8259 
8239 
8219 
8199 
8179 


7270 
7254 
7238 
7222 
7206 
7190 
7174 
7159 
7143 
7128 


6398 
6385 
6372 
6369 
6346 
6333 
6320 
6307 
6294 
6282 


6673 
5662 
6651 
5640 
5629 
6618 
5607 
5596 
5685 
5574 
6663 
5552 
5641 
5581 
5520 
5509 
5498 
5488 
5477 
5466 


6051 
6042 
6032 
5023 
5013 
5003 
4994 
4984 
4976 
4965 
4966 
4947 
4937 
4928 
4918 
4909 
4900 
4890 
4881 
4872 


4508 
4499 
4491 
4482 
4474 
4466 
4457 
4449 
4440 
4432 


4025 
4017 
4010 
4002 
3994 
3987 
3979 
1972 
8964 
8957 


3590 
3583 
3576 
3670 
3563 
8556 
3549 
3542 
8585 
8529 


3195 
3189 
3188 
3176 
3170 
3164 
3157 
8151 
8145 
8139 


2833 
2827 
2821 
2816 
2810 
2804 
2798 
2793 
2787 
2781 


2499 
2493 
2488 
2483 
2477 
2472 
2467 
2461 
2466 
2451 


2188 
2183 
2178 
2173 
2168 
2163 
2169 
2164 
2149 
2144 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


1.5663 
1.5456 
1.5351 
1.5249 
1.5149 
1.5051 
1.4956 
1.4863 
1.4771 
1.4682 


1.1584 
1.1540 
1.1498 
1.1455 
1.1413 
1.1372 
1.1331 
1.1290 
1.1249 
1.1209 


0.9542 
0.9515 
0.9488 
0.9462 
0.9435 
0.9408 
0.0382 
0.9356 
0.9330 
0.9305 


8169 
8140 
8120 
8101 
8081 
8062 
8043 
8023 
8004 
7985 


7112 
7097 
7081 
7066 
7060 
7036 
7020 
7006 
6990 
6975 


6269 
6266 
6243 
6231 
6218 
6205 
6198 
6180 
6168 
6155 


4424 
4415 
4407 
4399 
4390 
4382 
4374 
4865 
4857 
4349 


3949 
3942 
3934 
8927 
3919 
8912 
8905 
8897 
3890 
3882 


3622 
8515 
8508 
3501 
8495 
8488 
8481 
8475 
8468 
8461 


3133 
3126 
3120 
3114 
3108 
3102 
8096 
8089 
8088 
8077 


2775 
2770 
2764 
2768 
2758 
2747 
2741 
2736 
2780 
2724 


2445 
2440 
2435 
2480 
2424 
2419 
2414 
2409 
2403 
2898 


2189 
2134 
2129 
2124 
2V9 
2114 
2109 
2104 
2099 
2095 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


50 
51 
52 
53 
54 
55 
56 
57 
58 
«9 


1.4594 
1.4508 
1.4424 
1.4341 
1.4260 
1.4180 
1.4102 
1.4025 
1.3949 
1.3875 


1.1170 
1.1130 
1.1091 
1.1053 
1.1015 
1.0977 
1.0940 
1.0902 
1.0865 
1.0828 


0.9279 
0.9254 
0.9228 
0.9203 
0.9178 
0.9153 
0.9128 
0.9104 
0.9079 
0.9055 


7066 
7947 
7929 
7910 
7891 
7878 
7854 
7886 
7818 
.7800 


6960 
6945 
6930 
6915 
6900 
6885 
6871 
6856 
6841 
6827 


6143 
6131 
6118 
6106 
6094 
6081 
6069 
6067 
6045 
6038 


5466 
5445 
5485 
5424 
5414 
5408 
5398 
5882 
5872 
5861 


4863 
4858 
4844 
4835 
4826 
4817 
4808 
4798 
4789 
4780 


4341 
4333 
4824 
4816 
4808 
4800 
4292 
4284 
4276 
4268 


3b75 
8868 
8860 
8858 
8846 
8888 
8881 
3824 
8817 
8809 


3454 
3448 
8441 
3484 
8428 
8421 
8415 
8408 
8401 
8895 


8071 
8065 
8059 
8058 
8047 
8041 
8084 
8028 
8022 
8016 


2719 
2718 
2707 
2702 
2696 
2690 
2685 
2679 
2674 
2668 


2393 
2388 
2882 
2877 
2872 
2867 
2862 
2856 
2851 
2846 


2090 
2085 
2080 
2075 
2070 
2065 
2061 
2056 
2051 
2046 


60 
51 
52 
53 
54 
55 
56 
57 
58 
59 
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162 TABT.E XIX. 

Proportional Logarithms for 24 Degrees or Hours. 


TABLE XX. 

To reduce the Moon's Uomzoiital Parallax 
and Skmidiamxtsb to any given Greenwich 


Degrees or Hours : or Minutes. 


Time. 


or- 


15 


16 


17 


18 


19 


20 


21 


22 


23 


or- 


•9^ 


After Noon or Midnight | 


h. 

1 


h. 
2 


h. 
3 


h. 

4 


h. 

5 


h. 

6 


h. 

7 


h. 

8 



I 
2 
3 

4 
6 
6 
1 
8 
9 


2041 
2036 
2031 
2027 
2022 
2017 
2012 
2008 
2003 
1998 


1761 
1756 
1752 
1747 
1743 
1738 
1734 
1729 
1725 
1720 


1498 
1493 
1489 
1485 
1481 
1476 
1472 
1468 
1464 
1459 


1249 
1245 
1241 
1237 
1233 
1229 
1225 
1221 
1217 
1213 


1015 
1011 
1007 
1003 
0999 
0996 
0992 
0988 
0984 
0980 


0792 
0788 
0785 
0781 
0777 
0774 
0770 
0767 
0763 
0759 


0580 
0576 
0573 
0570 
0566 
0563 
0559 
0556 
0552 
0549 


0378 
0375 
0371 
0368 
0365 
0361 
0358 
0355 
0352 
0348 


0185 
0182 
0179 
0175 
0172 
0169 
0166 
0163 
0160 
0157 



1 
2 
8 

4 
5 
6 
7 
8 
9 


// 
1 
2 
4 
6 
8 







1 





1 
1 
1 


// 



1 
1 
2 


// 



1 
2 
8 




1 

2 
2 
8 


>/ 


1 

2 
3 
4 


1 
1 

2 
3 
5 


/-/ 

1 
1 
3 
4 
5 


10 
12 
13 
14 
15 


1 

1 
1 
1 
1 


2 
2 
2 
2 
2 


2 
8 
3 
8 

4 


3 

4 
4 
5 
5 


4 
5 
5 
6 
6 


5 
6 
6 

7 
7 


6 
7 

8 
8 
9 


7 
8 
9 
9 
10 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


1993 
1988 
1984 
1979 
1974 
1969 
1965 
1960 
1955 
1950 


1716 
1711 
1707 
1702 
1698 
1694 
1689 
1685 
1680 
1676 


1455 
1451 
1447 
1443 
1438 
1434 
1430 
1426 
1422 
1417 


1209 
1205 
1201 
1197 
1193 
1189 
1185 
1181 
1178 
1174 


0977 
0973 
0969 
0965 
0962 
0958 
0954 
0950 
0947 
0943 


0756 
0753 
0749 
0745 
0741 
0738 
0734 
0731 
0727 
0724 


0546 
0542 
0539 
0535 
0532 
0528 
0525 
0522 
0518 
0515 


0345 
0342 
0339 
0335 
0332 
0329 
0326 
0322 
0319 
0316 


0153 
0150 
0147 
0144 
0141 
0138 
0135 
0132 
0128 
0125 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


16 
17 
18 
19 
20 


1 
1 

1 

2 
2 


3 
3 
3 
8 
8 


4 
4 
4 
5 
5 


5 
6 
6 
6 

7 


7 
7 
7 
8 
8 


8 
8 
9 
9 
10 


9 
10 
11 
11 
12 


11 
11 
12 
13 
13 


21 
22 
23 
24 

25 


2 
2 
2 
2 
2 


3 


5 
5 
6 
6 
6 


7 
7 
8 
8 
8 


9 

9 

10 

10 

10 


10 
11 
11 
12 
12 


12 
13 
13 
14 
15 


14 
15 
15 
16 
17 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


1946 
1941 
1936 
1932 
1927 
1922 
1917 
1913 
1908 
1903 


1671 
1667 
1662 
1658 
1654 
1649 
1645 
1640 
1636 
1632 


1413 
1409 
1405 
1401 
1397 
1392 
1388 
1384 
1380 
1376 


1170 
1166 
1162 
1158 
1154 
1150 
1146 
1142 
1138 
1134 


0939 
0935 
0932 
0928 
0924 
0920 
0917 
0913 
0909 
0905 


0720 
0716 
0713 
0709 
0706 
0702 
0699 
0695 
0692 
0688 


0511 
0508 
0505 
0501 
0498 
0495 
0491 
0488 
0484 
0481 


0313 
0309 
0306 
0303 
0300 
0296 
0293 
0290 
0287 
0283 


0122 
0119 
0116 
0113 
0110 
0107 
0104 
0101 
0098 
0094 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


26 
27 
28 
29 
30 


2 
2 
2 
2 
2 


5 
5 
5 


6 

7 
7 
7 

7 


9 

9 

9 

10 

10 


11 
11 
12 
12 

12 


13 
13 
14 
14 
15 


15 
16 
16 
17 
17 


17 
18 
19 
19 
20 




Greenwich Time. 
After Noon or Midnight 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


1899 
1894 
1889 
1885 
1880 
1875 
1871 
1866 
1862 
1857 


1627 
1623 
1618 
1614 
1610 
1605 
1601 
1597 
1592 
1588 


1372 
1368 
1363 
1359 
1355 
1351 
1347 
1343 
1339 
1335 


1130 
1126 
1123 
1119 
1115 
1111 
1107 
1103 
1099 
1095 


0902 
0898 
0895 
0891 
0887 
0883 
0880 
0876 
0872 
0868 


0685 
0681 
0677 
0674 
0670 
0667 
0663 
0660 
0656 
0653 


0478 
0474 
0471 
0468 
0464 
0461 
0458 
0454 
0451 
0447 


0280 
0277 
0274 
0271 
0267 
0264 
0261 
0258 
0255 
0251 


0091 
0088 
0085 
0082 
0079 
0076 
0073 
0070 
0067 
0064 


30 
31 
32 
33 
34 
35 
36 
37 
38 
39 


h. 
9 


h. 
10 


h. 
11 


/ 

10 


/■ ■ 
20 


30 


40 


/ 

50 


1 

2 
4 

6 

8 


1 
2 
3 
5 
6 


1 
2 
3 
5 

7 


//■ 

1 
2 

4 
6 

7 























// 













40 
4] 
42 
43 
44 
45 
46 
47 
48 
49 


1852 
1848 
1843 
1838 
1834 
1829 
1825 
1820 
1816 
1811 


1584 
1579 
1575 
1571 
1566 
1562 
1558 
1553 
1549 
1545 


1331 
1326 
1322 
1318 
1314 
1310 
1306 
1302 
1298 
1294 


1091 
1088 
1084 
1080 
1076 
1072 
1068 
1064 
1060 
1057 


0865 
0861 
0858 
0854 
0850 
0846 
0843 
0839 
0835 
0832 


0649 
0646 
0642 
0639 
0635 
0632 
0628 
0625 
0621 
0618 


0444 
0441 
0438 
0434 
0431 
0427 
0424 
0421 
0418 
0414 


0248 
0245 
0242 
0239 
0235 
0232 
0229 
0226 
0223 
0220 


0061 
0058 
0055 
0052 
0048 
0045 
0042 
0039 
0036 
0033 


40 
41 
42 

43 
44 
45 
46 

47 
48 
49 


10 
12 
13 
14 
15 


8 

9 

10 

11 

11 


8 
10 
11 
12 
13 


9 
11 
12 
13 
14 
























16 
17 
18 
19 
20 


12 
13 
14 
14 
15 


13 
14 
15 
16 
17 


15 
16 
17 
17 
18 




















50 
51 
52 
53 
54 
55 
56 
57 
58 
59 


1806 
1802 
1797 
1793 
1788 
1784 
1779 
1774 
1770 
1765 


1540 
1536 
1532 
1527 
1523 
1519 
1515 
1510 
1506 
1502 


1290 
1286 
1282 
1278 
1274 
1270 
1265 
1261 
1257 
1253 


1053 
1049 
1045 
1041 
1087 
1034 
1030 
1026 
1022 
1018 


0828 
0824 
0821 
0817 
0814 
0810 
0806 
0803 
0799 
0795 


0614 
0611 
0608 
0604 
0601 
0597 
0594 
0590 
0587 
0583 


0411 
0408 
0404 
0401 
0398 
0394 
0391 
0388 
0384 
0881 


0216 
0213 
0210 
0207 
0204 
0201 
0197 
0194 
0191 
0188 


0030 
0027 
0024 
0021 
0018 
0015 
0012 
0009 
0006 
0003 


50 
51 
52 
53 
54 
65 
56 
57 
58 
59 


21 
22 
23 
24 

25 


16 
17 
17 
18 
19 


18 
18 
19 
20 
21 


19 
20 
21 
22 
23 















2 
2 
2 
2 
2 


26 
27 
28 
29 
30 


20 
20 
21 
22 
23 


22 
23 
23 
24 
25 


24 
25 
26 
27 

28 













2 
2 

2 


2 
2 
2 
2 

2 
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TABLE \XI. j^ 

Proportional LogariUuns for 1 Degree, or Hour. 






Index 1. I 




Index 0. j 




// 


0' 


V 


2' 


3' 


4' 


5' 


6' 


r 


8' 


9' 


10' 


IV 


12' 


13' 


14' 


r/ 



1 
2 
3 
4 
5 
6 
7 
8 
9 


3.5563 
3.2563 
3.0792 
2.9642 
2.8573 
2.7782 
2.7112 
2.6532 
2.6021 


7782 
7710 
7639 
7570 
7601 
7434 
7368 
7302 
7238 
7176 


4771 
4735 
4699 
4664 
4629 
4694 
4569 
4525 
4491 
4457 


3010 
2986 
2962 
2939 
2915 
2891 
2868 
2845 
2821 
2798 


1761 
1743 
1726 
1707 
1689 
1671 
1654 
1636 
1619 
1601 


0792 
0777 
0763 
0749 
0734 
0720 
0706 
0692 
0678 
0663 


1.0000 
0.9988 
0.9976 
0.9964 
0.9962 
0.9940 
0.9928 
0.9916 
0.9906 
0.9803 


9331 
9320 
9310 
9200 
9289 
9279 
0269 
9259 
9249 
9238 


8751 
8742 
8733 
8724 
8715 
8706 
8697 
8688 
8679 
8670 


8239 
8231 
8223 
8215 
8207 
8199 
8191 
8183 
8175 
8167 


7782 
7774 
7767 
7760 
7763 
7745 
7738 
7731 
7724 
7717 


7368 
7361 
7364 
7348 
7341 
7336 
7328 
7322 
7315 
7309 


6990 
6984 
6978 
6972 
6966 
6960 
6964 
6948 
6942 
6936 


6642 
6637 
6631 
6625 
6620 
6614 
6609 
6603 
6698 
6692 


6320 
6315 
6310 
6305 
6300 
6294 
6289 
6284 
6279 
6274 



1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


2.5563 
2.5149 
2.4771 
2.4424 
2.4102 
2.3802 
2.3522 
2.3269 
2.3010 
2.2775 


7112 
7060 
6990 
6930 
6871 
6812 
6766 
6698 
6642 
6587 


4424 
4390 
4367 
4326 
4292 
4260 
4228 
4196 
4165 
4133 


2775 
2763 
2730 
2707 
2686 
2663 
2640 
2618 
2696 
2674 


1584 
1566 
1549 
1532 
1615 
1498 
1481 
1464 
1447 
1430 


0649 
0636 
0621 
0608 
0694 
0580 
0566 
0552 
0639 
0525 


0.9881 
0.9869 
0.9858 
0.9846 
0.9834 
0.9823 
0.9811 
0.9800 
0.9788 
0.9777 


9228 
9218 
9208 
9198 
9188 
9178 
9168 
9158 
9148 
9138 


8661 
8662 
8643 
8635 
8626 
8617 
8608 
8599 
8591 
8582 


8169 
8152 
8144 
8136 
8128 
8120 
8112 
8104 
8097 
8089 


7710 
7703 
7696 
7688 
7681 
7674 
7667 
7660 
7653 
7646 


7302 

7296 

7289 

7283 

7276 

7270 

7264 

7257^ 

7251 

7244 


6930 
6924 
6918 
6912 
6906 
6900 
6894 
6888 
6882 
6877 


6687 
6681 
6576 
6570 
6566 
6559 
6654 
6548 
6543 
6538 


6269 
6264 
6259 
6254 
6248 
6243 
6238 
6233 
6228 
6223 


10 
11 
12 
13 
14 
16 
16 
17 
18 
19 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 


2.2553 
2.2341 
2.2139 
2.1946 
2.1761 
2.1584 
2.1413 
2.1249 
2.1091 
2.0039 


6532 
6478 
6426 
6372 
6320 
6269 
6218 
6168 
6118 
6069 


4102 
4071 
4040 
4010 
3979 
3949 
3919 
3890 
3860 
3831 


2553 
2531 
2510 
2488 
2467 
2445 
2424 
2403 
2382 
2362 


1413 
1397 
1380 
1363 
1347 
1331 
1314 
1298 
1282 
1266 


0512 
0498 
0484 
0471 
0458 
0444 
0431 
0418 
0404 
0391 


0.9765 
0.9764 
0.9742 
0.9731 
0.9720 
0.9708 
0.9697 
0.9686 
0.9676 
0.9664 


9128 
9119 
9109 
9099 
9089 
9079 
9070 
9060 
9050 
9041 


8673 
.8565 
8566 
8547 
8^39 
8530 
8522 
8513 
8604 
8496 


8081 
8073 
8066 
8058 
8050 
8043 
8035 
8027 
8020 
8012 


7639 
7632 
7625 
7618 
7611 
7604 
7597 
7590 
7583 
7677 


7238 
7232 
7225 
7219 
7212 
7206 
7200 
7193 
7187 
7181 


6871 
6865 
6859 
6853 
6847 
6841 
6836 
6830 
6824 
6818 


6532 
6527 
6521 
6616 
6610 
6506 
6600 
6494 
6489 
6484 


6218 
6213 
6208 
6203 
6198 
6193 
6188 
6183 
6178 
6173 


20 
21 
22 
23 
24 
26 
26 
27 
28 
29 


80 
31 
82 
33 
84 
35 
36 
37 
38 
39 


2.0792 
2.0649 
2.0512 
2.0378 
2.0248 
2.0122 
2.0000 
1.9881 
1.9766 
1.9662 


6021 
5973 
5925 
6878 
6832 
6786 
6740 
5695 
5661 
5607 


3802 
3773 
3746 
3716 
3688 
3660 
3632 
3604 
3576 
3549 


2341 
2320 
2300 
2279 
2259 
2239 
2218 
2198 
2178 
2159 


1249 
1233 
1217 
1201 
1186 
1170 
1154 
1138 
1123 
1107 


0378 
0365 
0362 
0339 
0326 
0313 
0300 
0287 
0274 
0261 


0.9652 
0.9641 
0.9630 
0.9619 
0.9608 
0.9697 
0.9586 
0.9676 
0.9564 
6.9563 


9031 
9021 
9012 
9002 
8992 
8983 
8973 
8964 
8954 
8945 


8487 
ff479 
8470 
8462 
8463 
8446 
8437 
8428 
8420 
8411 


8004 
7997 
7989 
7981 
7974 
7966 
7969 
7961 
7944 
7936 


7570 
7563 
7656 
7549 
7542 
7535 
7528 
7522 
7616 
7508 


7175 
7168 
7162 
7166 
7149 
7143 
7137 
7131 
7124 
7118 


6812 
6807 
6801 
6795 
6789 
6784 
6778 
6772 
6766 
6761 


6478 
6473 
6467 
6462 
6457 
6451 
6446 
6441 
6435 
6430 


6168 
6163 
6158 
6163 
6148 
6143 
6138 
6133 
6128 
6123 


30 
31 
32 
33 
34 
36 
36 
37 
38 
39 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


1.9542 
1.9436 
1.9331 
1.9228 
1.9128 
1.9031 
1.8936 
1.8842 
1.8761 
1.8661 


5563 
6520 
5477 
6435 
5393 
5351 
5310 
6269 
6229 
6189 


3522 
3495 
3468 
3441 
3415 
3388 
3362 
3336 
3310 
3284 


2139 
2119 
2099 
2080 
2061 
2041 
2022 
2003 
1984 
1965 


1091 
1076 
1061 
1045 
1030 
1015 
0999 
0984 
0969 
0954 


0248 
0235 
0223 
0210 
0197 
0185 
0172 
0160 
0147 
0136 


0.9542 
0.9532 
0.9521 
0.9610 
0.9499 
0.9488 
0.9478 
0.9467 
0.9456 
0.9446 


8936 
8926 
8917 
8907 
8898 
8888 
8879 
8870 
8861 
8851 
8842 
8833 
8824 
8814 
8806 
8796 
8787 
8778 
8769 
8760 


8403 
8396 
8386 
8378 
8370 
8361 
8353 
8345 
8337 
8328 


7929 
7921 
7914 
7906 
7809 
7891 
7884 
7877 
7869 
7862 


7501 
7494 
7488 
7481 
7474 
7467 
7461 
7454 
7447 
7441 


7112 
7106 
7100 
7093 
7087 
7081 
7076 
7069 
7063 
7067 


6765, 
6749 
6743 
6738 
6732 
6726 
6721 
6715 
6709 
6704 


6426 
6420 
6414 
6409 
6404 
6398 
6393 
6388 
6383 
6377 


6118 
6113 
6108 
6103 
6099 
6094 
6089 
6084 
6079 
6074 


40 
41 
42 
43 
44 
46 
46 
47 
48 
49 


50 
61 
62 
63 
54 
65 
66 
67 
58 
59 


18578 
1.8487 
1.8403 
1.8320 
1.8239 
1.8169 
1.8081 
1.8004 
1.7929 
1.7855 


5149 
6110 
6071 
5032 
4994 
4966 
4918 
4881 
4844 
4808 


3259 
3233 
3208 
3183 
3168 
3133 
3108 
3083 
3069 
3034 


1946 
1927 
1908 
1889 
1871 
1862 
1834 
1816 
1797 
1779 


0939 
0924 
0909 
0894 
0880 
0866 
0860 
0836 
0821 
0806 


0122 
0110 
0098 
0085 
0073 
0061 
0049 
0036 
0024 
0012 


0.9436 
0.9426 
0.9414 
0.9404 
0.9393 
0.9383 
0.9372 
0.9362 
0.9351 
0.9341 


8320 
8312 
8304 
8296 
8288 
8279 
8271 
8263 
8256 
8247 


7866 
7847 
7840 
7832 
7826 
7818 
7811 
7803 
7796 
7789 


7434 
7427 
7421 
7414 
7407 
7401 
7394 
7387 
7381 
7374 


7050 
7044 
7038 
7032 
7026 
7020 
7014 
7008 
7002 
6996 


6698 
6692 
6687 
6681 
6676 
6670 
6664 
6669 
6663 
6648 


6372 
6367 
6362 
6357 
6361 
6346 
6341 
6336 
6331 
6325 


6069 
6064 
6069 
6066 
6050 
6045 
6040 
6035 
6030 
6025 


60 
51 
52 
53 
54 
65 
66 
67 
58 
59 
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Index 0. 


f 


// 


ly 


10' 


17' 

54^7 
5473 
5469 
5404 
5400 
5456 
5452 
5447 
5443 
5439 


lb' 

5729 
5325 
5221 
5217 
5213 
5209 
5205 
5-'01 
5197 
5193 


10' 


20' 


21' 


22' 

4357 
4354 
4351 
4347 
4344 
4341 
4338 
4334 
4331 
4328 


23' 


24' 


2y 

3802 
3709 
3796 
3793 
3791 
3788 
3785 
3782 
3779 
3776 


26^ 

3632 
8620 
8626 
8623 
3621 
3618 
3615 
3612 
3610 
3607 


2r 


28^ 


21^ 




1 
9 
3 
4 
5 
6 
7 
8 
9 


0021 
6016 
6011 
6006 
6001 
5997 
5992 
5987 
5982 
5977 


5740 
5736 
5731 
5727 
5723 
5718 
5713 
5709 
5704 
5700 


4994 4771 
4990 ' 4768 
4986 1 4764 
4983 4760 
4979 4757 
4975 4753 
4971 , 4750 
4967 4746 
4064 4742 
4960 4739 


4559 
4556 
4552 
4549 
4546 
4542 
4539 
4535 
4532 
4528 
4525 
4522 
4518 
4515 
4511 
4508 
4505 
4501 
4498 
4494 


4164 
4161 
4158 
4155 
4152 
4149 
4145 
4142 
4139 
4130 


;j079 
3976 
3973 
3970 
3967 
3964 
3961 
3958 
3955 
3952 


3468 
3465 
3463 
3460 
3457 
3454 
3452 
3449 
3446 
3444 


3310 
3307 
8305 
8303 
8300 
3397 
8394 
8393 
3289 
8287 


3158 
8155 
8153 
3150 
8148 
8145 
8143 
8140 
8138 
8135 



1 
3 
8 
4 
5 

7 
8 
9 


10 
11 
13 
13 
14 
15 
16 
17 
18 
19 


5973 
5968 
5963 
5958 
5954 
5949 
5944 
5939 
5935 
5930 


5695 
5691 
5686 
5682 
5677 
5673 
5669 
5664 
5660 
5655 


5435 
5430 
5426 
5422 
5418 
5414 
5409 
5405 
5401 
5397 


5189 
5185 
5181 
5177 
5173 
5109 
5165 
5161 
5157 
5153 


4956 
4952 
4949 
4945 
4941 
4937 
4933 
4930 
4926 
4922 


4735 
4732 
4728 
4724 
4721 
4717 
4714 
4710 
4707 
4703 


4325 
4321 
4318 
4315 
4311 
4308 
4305 
4302 
4298 
4295 


4133 
4130 
4127 
4124 
4130 
4117 
4114 
4111 
4108 
4105 


3949 
8946 
3943 
3940 
3937 
8934 
8981 
3928 
8925 
3933 


3773 
3770 
3768 
3765 
3763 
3759 
3756 
3753 
3750 
8747 


3604 
3601 
3598 
3596 
3593 
3590 
8587 
3585 
3582 
3579 
3576 
3574 
3571 
3568 
3565 
3563 
3560 
3557 
3555 
3552 


3441 
3438 
3436 
3433 
3431 
3428 
3425 
3423 
3420 
3417 
3415 
3412 
3409 
3407 
3404 
3401 
3399 
3396 
3398 
3391 


3284 
3282 
3279 
3276 
3274 
3271 
8369 
8366 
8364 
3361 


8133 
8130 
3128 
8135 
3123 
8120 
3118 
8115 
3118 
8110 


10 
11 
13 
13 
14 
15 
16 
17 
18 
19 


30 
31 
23 
23 
24 
25 
26 
27 
28 
29 


5925 
5920 
5916 
5911 
5906 
5902 
5897 
5892 
5888 
5A83 


5651 
5646 
5642 
5637 
5633 
5629 
5624 
5620 
5615 
5611 


5393 
5389 
5384 
5380 
5376 
5372 
5368 
5364 
5359 
5355 


5149 
5145 
5141 
5187 
5133 
5129 
5125 
5122 
5118 
5114 


4918 
4915 
4911 
4907 
4903 
4900 
4896 
4892 
4889 
4885 


4699 
4696 
4692 
4689 
4685 
4682 
4678 
4675 
4671 
4668 


4491 
4488 
4484 
4481 
4477 
4474 
4471 
4467 
4464 
4460 

4437 
4454 
4450 
4447 
4444 
4444 
4437 
4434 
4430 
4427 


4292 
4289 
4285 
4282 
4279 
4276 
4273 
4260 
4266 
4263 


4102 
4099 
4096 
4092 
4089 
4086 
4083 
4080 
4077 
4074 


3919 
3917 
3911 
3911 
3908 
3905 
3903 
3899 
3896 
3893 


3745 
3742 
3739 
3730 
3733 
3730 
3727 
3725 
3722 
3719 


3259 
3256 
3253 
3251 
3248 
3246 
3243 
3241 
3238 
3236 


8108 
8105 
3108 
3101 
8098 
8096 
3093 
3091 
8088 
8086 


31 
33 
38 
34 
35 
36 
37 
38 
39 


80 
31 
32 
83 
84 
85 
86 
87 
88 
39 


5^78 
5874 
5869 
5864 
5860 
585A 
5850 
5846 
5841 
5S38 


5607 
5602 
5598 
5594 
5589 
5585 
5.180 
5570 
5572 
5567 


5351 
5347 
5343 
5339 
5335 
5331 
5326 
5322 
5318 
5314 


5110 
5106 
5102 
5098 
5094 
5090 
5080 
5082 
5079 
5075 


48H1 
4877 
4874 
4870 
4866 
4863 
4X59 
4855 
4852 
4848 


4664 
4660 
4657 
4653 
4650 
4646 
4643 
4639 
4636 
4632 


4260 
4256 
4253 
4350 
4247 
4244 
4240 
4287 
4234 
4231 


4071 
4068 
4065 
4062 
4059 
4055 
4052 
4049 
4046 
4043 


3S90 
3887 
3884 
3881 
3878 
3875 
3872 
3869 
3866 
3863 


3716 
3713 
3710 
3708 
3705 
3702 
3699 
3696 
3693 
3691 


3540 
3546 
8544 
3541 
3538 
3535 
a^33 
3530 
8537 
3525 


33»*S 
3386 
3383 
3380 
3378 
3375 
3372 
3370 
3367 
3365 


3233 
3231 
3228 
3225 
3223 
3220 
3218 
3215 
3313 
3210 


3083 
3081 
8078 
3076 
3073 
3071 
3069 
3066 
3064 
3061 
3059 
8056 
8054 
3052 
8019 
3047 
3044 
3042 
3039 
3037 


30 
81 
83 
59 
84 
85 
86 
87 
88 
89 
40 
41 
43 
48 
44 
45 
46 
47 
48 
49 


40 
41 
42 
43 
44 
45 
46 
47 
4ft 
40 


5833 , 6503 
5827 5559 
5823 5554 
5818 5550 
5813,5540 
5809 ! 5541 
5H0I , M37 
5«00 M33 
^795 ' ft628 
.■^790 ' 5A24 


5aio 

5306 
5302 
5298 
5294 
5200 
5285 
5381 
5277 
5373 
5269 
5265 
5261 
5357 
5353 
5349 
5245 
5241 
5237 
5383 


5071 
5067 
5063 
5059 
5055 
5051 
5048 
5044 
5040 
50,16 


4844 
4941 

4837 
4833 
4830 
4826 
4822 
4819 
4815 
4811 


4629 
4625 
4622 
4618 
4615 
4611 
4608 
4601 
4601 
4597 


4424 
4420 
4417 
4414 
4410 
4407 
4404 
4400 
4397 
4394 


4228 
4224 
4331 
431b 
4315 
4313 
4209 
4205 
4202 
4199 

4lW 
4193 
4189 
4186 
4183 
41<*0 
4177 
4174 
4171 
4167 


4040 
4037 
4084 
4031 
4028 
4025 
4022 
4019 
4016 
4013 
4010 
4007 
4004 
4001 
3998 
3<»95 
8991 
89*^ 
8985 
89rt3 


3H0O 
3857 
38,V5 
38.12 
3849 
3846 
3843 
3840 
3837 
3834 

382H 
3835 
3822 
3820 
3H17 
3814 
3811 

3805 


3688 
3685 
3682 
3679 
3677 
3674 
3671 
3668 
3665 
3663 

3657 
3654 
3651 
3640 
3646 
3043 
3640 
3637 
3631 


8532 
3519 
3516 
3514 
3511 
850'^ 
3506 
3503 
350(» 
3497 


3362 
8359 
3357 
3354 
3351 
8349 
8346 
3344 
3341 
333^ 
3.'W6 
3883 
8831 
3328 
3325 
3883 
3820 
3318 
3815 

'ni3 


3908 
3205 
3203 
3200 
3198 
3195 
3193 
3190 
3188 
3185 


50 
51 
52 
53 
54 
M 
56 
57 
5g 
50 


67«*« , 54:^0 
5781 1 5516 
57771 551 1 
5772 5507 
5768 ' 5503 
5763 , 5498 
5758 5494 
5754 ' 5490 
5749 I 5486 
5745 '5181 


503;/ 
5028 
5025 
5031 
5017 
5013 
5009 
5005 
5003 
4998 


4*50!* 

4804 
4800 
4797 
4793 
4789 
4786 
4782 
4778 
4775 


4591 
4590 
4587 
4584 
4580 
4577 
4573 
4570 
4566 
4568 


4887 
4384 
4380 
4877 
4374 
4370 
4867 
4364 
4361 


a 495 
3492 
34M9 
34^7 
34**4 
8I«1 
3479 
8476 
3473 
.1»7i 


3 1 Ha 3034 
3180,3032 
3178 1 3080 
3175 3037 
3173,3035 
3170 13032 
3168 3020 
3165 3018 
3163 3015 
.116nlnoi3 


50 
51 
53 
58 
54 
55 
56 
57 
58 
5*» 
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1 


ndex 0. j 






tf 


30^ 


31' 


32^ 


33' 


34' 


35^ 


36' 


37' 


38' 


39' 


40' 


41' 


42' 


43' 


44' 


// 


1 

2 
3 

4 
5 
6 
7 
8 
9 




u 

1 

2 
3 

4 
5 
6 
7 
8 
9 


3010 
3008 
3005 
3003 
3001 
2998 
2096 
2993 
2901 
2989 


2868 
2866 
2863 
2861 
2859 
2856 
2854 
2852 
2849 
2847 


2730 
2728 
2725 
2723 
2721 
2719 
2716 
2714 
2712 
2710 


2590 
2594 
2592 
2590 
2588 
2585 
2583 
2581 
2570 
2577 


2467 
2465 
2462 
2460 
2458 
2456 
2454 
2452 
2450 
2448 


2341 
2339 
2337 
2335 
2333 
2331 
2328 
2326 
2324 
2322 


2218 
2216 
2214 
2212 
2210 
2208 
2206 
2204 
2202 
2200 


2099 
2098 
2096 
2094 
2092 
2090 
2088 
2086 
2084 
2082 


1984 
1982 
1980 
1978 
1976 
1974 
1972 
1970 
1968 
1067 


1871 
1869 
1867 
1865 
1863 
1862 
I860 
1858 
1856 
1854 


1761 
1759 
1757 
1755 
1754 
1752 
1750 
1748 
1746 
1745 


1654 
1652 
1650 
1648 
1647 
1645 
1643 
1641 
1640 
1638 


1549 
1547 
1546 
1544 
1542 
1540 
1539 
1537 
1535 
1534 


1447 
1445 
1443 
1442 
1440 
1438 
1437 
1435 
1433 
1432 


1347 
1345 
1344 
1342 
1340 
1339 
1337 
1335 
1334 
1332 




10 
11 
12 
13 
U 
15 
16 
17 
18 
10 


2986 
2984 
2981 
2979 
2977 
2974 
2972 
2969 
2967 
2965 


2845 
2842 
2840 
2838 
2835 
2833 
2831 
2828 
2826 
2824 


2707 
2705 
2703 
2701 
2698 
2696 
2694 
2692 
2689 
2687 


2574 
2572 
2570 
2568 
2560 
2564 
2561 
2559 
2557 
2555 


2445 
2443 
2441 
2439 
2437 
2435 
2433 
2431 
2429 
2426 


2320 
2318 
2316 
2314 
2312 
2310 
2308 
2306 
2304 
2302 
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Moon's Horizontal Parallax. 1 
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20 
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64 
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TABLE XXVIL— LUNi-soLAR equation. 


For seconds of Moon's Horisontal ParaUax. 
Luni- Solar Equation. 
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y%A\t 


App. Alt. 


Minutes of Moon's Horizontal Parallax. 


"of 
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Moon's Altitude. | 
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57' 
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69' 


60' 
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20° 


21° 


220 
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240 


250 


26° 
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a 


20O 


16 34 


16 66 


17 16 


t ft 
17 38 


17 69 


18 20 


18 42 
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1 


1 


1 
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Natural Numbers corresponding to the Auxiliary Arcs. 






Auxiliary 


ArcE. 






Auxiliary 


Arc W. 


Arc 


If«l. No. 


Are. 


Nm. No. 


Arc 


N«tNe. Arc 


p.p. 


Are. 


N«tN«. 


Arc 


Nat No. 


Arc 


Nftt.No. Arc 


p.p. 


go 


34907 


lo 


17453 


y> 


00000 








20 


64093 


lo 


81547 


QO 


99000 





1000 


1 


35197 


1 


17744 


1 


00291 


1 


6 


1 


63803 


1 


81266 


1 


98709 


1 


995 


2 


35488 


2 


18035 


2 


00582 


2 


10 


2 


63512 


2 


80965 


2 


98418 


2 


990 


3 


35779 


3 


18326 


3 


00873 


3 


15 


3 


63221 


3 


80674 


3 


98127 


3 


985 


4 


36070 


4 


18617 


4 


01164 


4 


19 


4 


62930 


4 


80383 


4 


97836 


4 


981 


6 


36361 


6 


18908 


6 


01454 


5 


24 


6 


62639 


6 


80092 


5 


97546 


5 


976 


6 


36652 


6 


19199 


6 


01745 


6 


29 


6 


62348 


6 


79801 


6 


97255 


6 
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7 
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7 


34 


7 


62057 


7 


79511 


7 


96964 


7 


966 


8 


37234 


8 


19780 


8 


02327 


8 


39 


8 


61766 


8 


79220 


8 


96673 


8 


961 


9 


37525 


9 


20071 


9 


02618 


9 


44 


9 


61475 


9 


78929 


9 


96382 


9 


956 


8 10 


37815 


I 10 


20362 


() 10 


02909 


10 


48 


2 10 


61185 


1 10 


78638 


10 


96091 


10 


952 


11 


38106 


U 


20663 


11 


03200 


11 


53 


11 


60894 


11 


78347 


11 


95800 


11 


947 


12 


38397 


12 


20944 


12 


03491 


12 


58 


12 


60603 


12 


78056 


12 


95509 


12 


942 


13 


38688 


13 


21235 


13 


03781 


13 


63 


13 


60312 


13 


77765 


13 


95219 


13 


937 


14 


38979 


14 


21626 


14 


04072 


14 


68 


14 


60021 


14 


77474 


14 


94928 


14 


932 


15 
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16 


21817 


15 
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15 


73 


15 


59730 


16 


77183 


15 


94637 


15 


927 


16 


39561 


16 


22107 


16 


04654 


16 


78 


16 


59439 


16 


77893 


16 


94346 


16 


922 


17 


39852 


17 


22398 


17 


04946 


17 


82 


17 


59138 


17 


77602 


17 


94055 


17 


918 


18 


40143 


18 


22689 


18 


05236 


18 


87 


18 


58867 


18 


77311 


18 


93764 


18 


913 


19 


40433 


19 


22980 


19 
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19 


92 


19 
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19 


76020 


19 


93473 


19 


908 


2 20 


40724 


I 20 
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a 20 
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20 


97 


2 20 


58276 


1 20 


75729 


20 


93182 


20 


903 


21 


41016 


21 


23562 


21 


01609 


21 


102 


21 


57986 


21 


75438 


21 


92891 


21 


898 


22 


41306 


22 


23853 


22 


06400 


22 


107 


22 


57694 


22 


75147 


22 


92600 


22 


893 


23 


41597 


23 


24144 


23 


06690 


23 


112 


23 


57403 


23 


74856 


23 


92310 


23 


888 


24 


41888 


24 


24435 


24 


06981 


24 


116 


24 


57112 


24 


74565 


24 


92019 


24 


884 


25 


42179 


26 


24725 


25 


07272 


26 


121 


26 


66821 


25 


74276 


25 


91728 


25 


879 


26 


42470 


26 


25016 


26 


07563 


26 
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26 


56530 


26 


73984 


26 


91437 


26 


874 


27 


42761 


27 


26307 


27 


07854 


27 


131 


27 
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27 


73693 


27 


9U46 


27 


869 


28 


43051 


28 


25598 


28 
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28 
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28 
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28 
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29 
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29 
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29 
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29 
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29 
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1 30 
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30 
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30 
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30 
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35 
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35 
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35 
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35 
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35 
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35 


71366 


35 


88819 


35 


830 


36 


45379 


36 


27925 


36 


10472 


36 


175 


36 


53621 


36 


71075 


36 


88528 


36 


826 


37 


45669 


37 


28216 


37 


10763 


37 


179 


37 


53331 


37 


70784 


37 


88237 


37 


821 


38 


45960 


38 


28507 


38 


11054 


38 


184 


38 


53040 


38* 


70493 


38 


87946 


38 


816 


39 


46251 


39 


28798 


39 


11345 


39 


189 


39 


62749 


39 


70202 


39 


87655 


39 


811 


2 40 


46542 


1 40 


29089 


40 


11635 


40 


194 


2 40 


52458 


1 40 


69911 


40 


87365 


40 


806 


41 


46833 


41 


29380 


41 


11926 


41 


199 


41 


52167 


41 


69620 


41 


87074 


41 


801 


42 


47124 


42 


29671 


42 


12217 


42 


204 


42 


51876 


42 


69329 


42 


86783 


42 


796 


43 


47415 


43 


29961 


43 


12608 


43 


208 


43 


61585 


43 


69039 


43 


86492 


43 


792 


44 


47706 


44 


30252 


44 


12799 


44 


213 


44 


51294 


44 


68748 


44 


86201 


44 


787 


45 


47997 


45 


30543 


46 


13090 


.45 


218 


45 


51003 


45 


68457 


45 


85910 


45 


782 


46 


48287 


46 


30834 


46 


13381 


46 


223 


46 


50713 


46 


68166 


46 


85619 


46 


777 


47 


48578 


47 


31125 


47 


13672 


47 


228 


47 


50422 


47 


67875 


47 


85328 


47 


772 


48 


48869 


48 


31416 


48 


13963 


48 


233 


48 


60131 


48 


67584 


48 


85037 


48 


767 


49 


49160 


49 


31707 


49 


14253 


49 


238 


49 


49840 


49 


67293 


49 


84747 


49 


762 


2 60 


49451 


I 50 


31998 


60 


14544 


60 


242 


2 50 


49549 


1 50 


67002 


60 


84456 


60 


768 


51 


49742 


51 


32289 


61 


14836 


51 


247 


51 


49258 


61 


66711 


61 


84165 


61 


753 


52 


50033 


52 


32579 


52 


15126 


52 


252 


52 


48967 


52 


66421 


52 


83874 


62 


748 


53 


60324 


53 


32870 


53 


16417 


53 


257 


53 


48676 


63 


66130 


53 


83583 


53 


743 


64 


50615 


54 


33161 


64 


16708 


64 


262 


64 


48386 


64 


65839 


54 


83292 


54 


738 


65 


50905 


55 


33452 


65 


16999 


65 


267 


65 


48095 


55 


65648 


65 


83001 


55 


733 


56 


61196 


56 


33743 


56 


16290 


56 


271 


56 


47804 


56 


66267 


66 


82710 


66 


729 


67 


51487 


57 


34034 


57 


16581 


57 


276 


67 


47513 


57 


64966 


67 82419 


57 


724 


68 


51778 


58 


34326 


68 


16871 


58 


281 


58 


47222 


68 


64675 


58 82120 


58 


719 


69 


52069 


59 


84616 


59 


17162 


59 


286 


59 


46931 


59 


64384 


59 81838 


69 ' 714 1 
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APPENDIX. 

I. 



ADDITIONAL LUNAR METHODS. 



Some of the Methods here giyen are not complete, as far as regards the Tables: this may be afterwards 
remedied, should it appear that they are approved of. 

Method II. is somewhat similar to Method I., which has been already given : the special Tables, however 
required in this Method, are the simplest of any, and the solution is easy. 

Method III. requires a Table of an Auxiliary Arc, which is contained in Several Treatises on Navigation ; it 
is Table XXX.* in Nobib's Navigation. It also requires a Table of Natural Versed Sines, being Table 
XXXYI. in NoBiE*s Navigation. 

Method ly. requires a Table, containing what is called the Luni-Solar Equation: a specimen of the Table is 
given, for Altitudes of the Moon from 20° to 30°. It also requires a Table of Natural Versed Sines. 

Method y. requires Tables of the Luni-Solar Equation, and Natural Versed Sines, as in Method IV. It also 
requires Tables of the Corrections in Altitude of the Moon and Sun (Star, or Planet), these being the differences 
betwixt the Parallaxes and Refractions at the given altitudes : found in Table XXX. of Nobie. 

Method II., as here given, may, therefore, be applied in all cases ; so also may Method III., with the assistance 
of the Tables of the Auxiliary Arc referred to, and a Table of Natural Versed Sines. The Tables in Method III. 
might be easily changed so as to avoid the use of the terms £ and W, as the auxiliary arcs might be made always 
additive. 



METHOD n. 



1. Find the apparent Altitudes and Distance, as in Method I. 



2. Find the MixnCs Departure in Altitude, from Table XXII. ; and take the Correction corresponding to this 
Departure from Table VIII. Find the Starts Correction, from Table XXIV. And, if the Sun or a 
Planet has been observed, find the Correction for Parallax, from Table VII., as in Method I. 

Add these Corrections to the Apparent Distance, the sum is the Corrected Distance. 
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3. Find the Equation of Altitude, corresponding to the Moon's apparent altitude, from Table XXV. ; and 

subtract it from the Moon's Horizontal Parallax : the remainder is the^r^^ Auxiliary Arc. 

From the first Auxiliary Arc, subtract the Equation of Altitude, already found : the remainder is the 
third Auxiliary Arc. 

Find the Equation of Altitude, corresponding to the apparent altitude of the Sun, Star, or Planet: this 
is the second Auxiliary Arc. 

The 1st Auxiliary Arc is always West : the 2d Auxiliary Arc is always East : and the 3d Auxiliary 
Arc is East, when the Distance is less than 90" ; but West, when the Distance is greater than 90". 

To finddhe Departure of Distance, and True Distance. 

4. In the first line : write the Logarithmic Sine of the Apparent Distance, in the first and second columns ; 

and its Logarithmic Tangent, in the third column : taken from Table IX. 

In the second line : write the Logarithmic Cosecant of the apparent altitude of the Sun, Star, or Planet, 
in the first column ; and the Logarithmic Cosecant of the Moon*s apparent altitude, in the second and 
third columns : taken from Table IX. 

In the third line : write the Proportional Logarithms (Table X.), of the three Auxiliary Arcs. 

5. Add the columns thus formed, rejecting 10 from all the indexes, when possible : this gives the Proportional 

Logarithms of the first, second, and third Departures; which are, respectiyely, of the same names as 
the Auxilictry Arcs. 

G. Find the amount of the three Departures, attending to their names, as in Method I. This gires the 
Departure of Distance, which is to be corrected, by Table VIII. (the correction being always West), 
and applied to the Corrected Distance, as in Method I. : viz., by adding it, when East ; but subtract- 
ing it when West. The result thus found is the True Distance. 



Example I.: See Method I., Example I. 



Star's apparent altitude, 
Moon*s apparent altitude, 

Moon's Horizontal Parallax, 

Apparent Distance, 

y% Departure, Table XXII. = ^, ) 
gires Correction, Table VIII., ' 
Star's Correction, Table XXIV., 
Corrected Distance, 



48" 


16' 




26" 


23' 






5%' 


30" 


99" 


33' 


14'' 




+ 17 




+ 






Moon's Horizontal Parallax, 

Moon's Equation of altitude. Table XXV., 

Ist Auxiliary Arc, 

Moon's Equation of altitude, 

3d Auxiliary Arc, 

Star's Equation of altitude. Table XXV., 



66' 30" 
2 8 



= 2d Auxiliary Arc, 



99 33 31 Sine 9.9939 
Star's alt. Cosec. 1271 
Auxiliary Arcs, P. Logs. 5199 



Sine 9.9939 

}) 'salt. Cosec. 3623 

P. Log. 2.1626 



Departure of Distance, 
Correction for Dep. 44', 

Corrected Distance, 
True Distance, 



p. 


Log 


. 6409 




Departure, 


41' 


9" 


W 




3d, 


3 


64 


W 




46 


3 


W 




2d, 





34 


E 






44 


29 


W 


) VIII., 






17 


W 




44 


46 


W 




99 


33 


81 






98 


48 


46 





P. Log. 2.4988 
2d Dep. 0' 34" E 3d Dep. 3' 64" W 





64 22W 
2 8 




52 14 W 


xv., - 


1 16E 


Tang 

Cosec 

P. Log 

P. Log. 


7741 
3623 
6373 

1.6637 
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Example II. : See Method I., Example II. 



Sun*s apparent altitude, 
Moon's apparent altitude, 
Moon's Horizontal Parallax, 

Apparent Distance, 

ya Departure, Table XXII. = 23', ^ 

gires CorrectioTi, Table VIII., ^ 

Star's Correction, Table XXIV., 
Sun's Correction, Table VII., 

Corrected Distance, 



32« 
66" 


69' 
35' 
67' 20" 


79'' 


69' 64" 




+ 21 




+ 

+ 3 



Moon's Horizontal Parallax, 57' 20" 
Moon's Equation of altitude, Table XXV., —1 2 

Ist Auxiliary arc, 66 18 W 

Moon's Equation of altitude, 1 2 

^ Auxiliary Arc, 65 16 E 

Sun'sEquationofaltitude, Table XXV.,) ^ 44 j; 
= 2d Auxiliary Arc, ) 



80 17 Sine 9.9934 Sine 9.9934 

Sun's altitude, Coseo. 2641 ^'s alt. Cosec. 0407 
Auxiliary Arcs, P. Log. 6048 P. Log. 2.0164 



P. Log. 7623 



P. Log. 2.0606 



Ist Departure, 31' 7" W 2d Dep. 1' 36" E 
' 10 28 E 



DffNirtore of Distance, 20 39 \V 

10" 4- Correction for Dep. 21', Table VIII., 31 W 

21 10 yf 

80 17 
79 39 7 



Corrected Distance, 
True Distance, 



Tang. 7637 

Cosec. 0407 

P. Log. 6128 

P. Log. 1.3072 



3d Dep, 8' 62" £ 



METHOD IIL 



1. Find, from Table XXV., the Equations of altitude of the Moon and Sun (Star, or Planet). The differences 

between these, and the Horizontal Parallaxes are the^r^t and second Auxiliary Arcs, 

2. Find, from Table IX., the Logarithmic Cosecants of the apparent altitudes of the Moon and Sun, (Star, or 

Planet). To these add respectively the Proportional Logarithms (Table X.), of the two AuxiHtiry Arcs, 
rejecting 10 from the indexes, when possible. 

These sums are the Proportional Logarithms of the first and second Departures of Distance : the 
second, however, must be corrected by Table XXIII. 

The Ist Departure of Distance is always West; and the second is always Ecut, 

3. Take the difference of the two Departures, which will be of the same name as the greater. 

4. Find the Auxiliary Arc, from Table XXX.* of Norie's Navigation, and take the sum and difference of it, 

and the apparent Distance. 

6. Add together the . Versed Sines of this sum and difference, (found from Table XXXVI. of Norie's 
Navigation), and the Natural Number, from Table XXVIII., corresponding to the difference between 
the Devnrhires of Distance, (found by the second part of this llule) ; the sum will be the Versed Sine 
of the True Distance, 
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Note. In this operation, the last five figures only of the Versed Sines are retained, these being quite sufficient fat 
dotermining the true distance, as it never diflTers much more than 1" from the apparent distance, and it must therefore be 
found in the same page of the Table with the apparent distance, or either in the preceding or following page. 



Example : See Method I., Example II. 



Moon'i Horizontal Parallax, 67' 20", 



\ '8 apparent altitude, 
' *s apparent altitude, 

Horizontal Parallax of D 57' ^' ... of Q) 0' 9" 
Equation of altitude, Table XXV., of ]) 1 2 ... of 1 44 

Auxiliary Arc8» 



f, 65'' 35) 
), 32 59 J 



, Apparent distance, 79* 59' 54'' 



l6t 56 18 



2d 1 ^ 

' Aux. Arc. (from Norie, 

Table XXX.*) 

60" 28' 51" 

+ 10 

+ 3 



0*8 alt. Cosec. 2641 

Aux. Arcs, P. Log. 5048 

P. Log. 7689 



D 's alt. Cosec. 0407 60 29 4 Diff. of Departures = 

P. Log. 2.0557 A pp. dist. 79 59 54 29' 13" W, Nat. No. 90564 P.P. 937 

P. Log. 2.0964 Sum 140 28 58 
2d, 



l8t Departure, 30' 39" W 2d, 1' 26" E Diif. 19 50 60 

2d Departure, 1 26 E CV>r.,Table XXIII., -fO ^ 



Diif. of Departures, 29 13 W 



1 26 E 



True distance v 
= 79^ 39' 8''1 



Versed Sine, 71254 ,.. 180 
Versed Sine, 57358 ... 82 
1199 ...IW 
Versed Sine, 20375 
339 
36* 



METHOD IV. 



1. Find the^r^f and seccmd Departures of Distance ^ as in Method III. 

2. Find, from Table XXVII., the Luni-Solar Equation, or third Auxiliary ^ Arc ; to the Proportional 

Logarithm of which, add the Logarithmic Secant of the Apparent Distance : the sum is the Proportional 
Logarithm of the third Departure of Distance, which is East when the Distance is less than 90*, but West 
when the Distance is greater than 90". 

Note. In performing this calculation, aD the three Auxiliary should be first found, and then the Logarithms as 
directed in the Rule. A Logarithmic Secant is the same as the Logarithmic Cosecant of the Complement^ which is 
found by Table IX. 

3. Find the amount of the three Departures, attending to their names, as in Method I. ; and add the Natural 

Number corresponding to this amount, from Table XXVIII., to the Versed Sine of the Apparent Distance- 
the sum is the Versed Sine of the Thrte Distance. 

Note. The Versed Sines are limited to the last fire figures, as in Method III. 
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Example : See Method I., Example I. 



Moon's Horizontal Parallax, 56' 30", 



D 's apparent altitude, 
^'s apparent altitude, 



, 26* 23') 
, 48 16 ) ' 



Apparent Distance, 99° 33' 14"" 



Horizontal Parallax of D , 56' 30" ... 
Equation of altitude, Table XX v., of D , 2 8 


of 5|C 0' 0'' 
of * 1 16 


Luni-Solar Equation, 

Table XXVII. 

23^ 21" 

+ 14 

+ 


Auxiliary Arcs, 


1st, 54 22 


2d, 1 16 


3d, 23 35 


jjc'salt. Cosec. 1271 
Aux. Arcs, P. Log. 5199 
P. Log. 6470 


D '8 alt. Cosec. 3523 
P. Log. 2.1526 
P. Log. 2.5049 


Dist. Sec. 7801 
P. Log. 8827 

P. Log. 1.6628 

3d, 3' 55" W 
Ist, 40 36 Vr 




Departures of Distance, Ist, 40' 
Cor. 


35'' W 2d, 0' 34" E 
Table XXllL, + 






34 E 


44 30 W 
2d, 34 E 











Amount of Departures, 43 56 W Natural No. 86492 
Apparent Distance, 99" 33' 14" Versed Sine, 65908 

796 



P.P. 



729 
67 

796 



True Distance, 



48 44 



Versed Sine, 53196 
2986 



210 



METHOD V. 

1. To the sum of the Apparent altitudes of the Moon and Sun, (Star, or Planet), add the MoorCs Correction, 

from Table XXX. of Norib's Navigation; and, from the result subtract the Stains Correction: the 
remainder is the sum of the True altitudes. Subtract this sum from 180% the result is the sum of the 
True Zenith Distances. 

Note. The Star's Correction is the Refraction ; but in tlie case of the Sun, or a Planet, this must be diminished 
by the Parallax at the given altitude. Table III. 

2, Find the Logarithmic Secant of the sum of the Apparent Altitudes, and the Logarithmic Secant of the 

Apparent Distance, rejecting 10 from the index of each: and add to these the Proportional Logarithms 
(Table X.), of the Luni-Solar Equation, from Table XXVII., the sums will be the Proportional 
Logarithms of the^ir*^ and second Departures of Distance. 

The Departures are both East, if the Apparent Distance and the sum of the Apparent Altitudes are 
each less than 90" ; but, if either of these be greater than 90", the corresponding Departure is West. 

5. Find the amount of the two Departures, attending to their names, as in Method I. 

6. Add together, the Natural Number, from Table XXVIII., corresponding to the amount of the Departures, 

and the Versed Sines of the sum of the apparent altitudes, the Bum of the true Zenith distances, and the 
Apparent distance : the result is the Versed Sine of the True Distance. 

Notfi. The Versed Sines are limited to the last five figures, as in Methods III. and IV. Instead of taking tlis 
A'erscd Sine of the sum of the true Zenith distances, we may take tlie Suverted Sine of the sum of the true altitudes, 
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It may be observedt that Uie sum of the apparent altituiet is lUways found, in the TaUe of Vened Sines, near the 
sum of the tru« altitudes, or the sum of the tru« Zenith dittance$ ; and the same is the case with the apparwnt and 
true distuices: consequently, the Table of Versed Sines requires to be opened only twice. The Logarithmie 
Secantt may Ite found from Table IX., by taking the Coteamtt of the Complementt: this trouble mi^t have been 
avoided by having the Complements of the degrees at the top^ printed at the bottom, with the titles Conne, Cotangent 
and Secant. 



Example : See Method I., Ejcample I. 



Moon*8 Horizontal Parallax, 56' 3a" 



e, 26' 23') 
e, 48 16 ) ' 



D *8 App. Alt. 


26" 23' 






3|C*8 App. Alt. 


48 16 




Luni- Solar 


Sum of App. Alts. 


74 30 


Equation, 


D 'a Correction, 


4-48 


16 


23 21 






27 


14 




75 27 

— 

75 26 


43 
51 
52 





3fcV Correction, 


23 35 


Sum of True Alts. 





D '8 apparent altitude, 
9|c*8 apparent altitude, 

Sum of App. Alts. Sec. 5772 

Luni-Solar Kq. P. Log. 8827 

P. Log. 1.4599 



Apparent Distance. 99" 33^ 14" 

App. Dist. Sec. 7801 
P. Log. 8827 



r. Log. 1.6628 



Sum of True Zen. Dists. 104 33 8 



Departures of Dist. Ist, 6' 15" B 

2d, 3 55 W 

2 20 E Nat No. 

Sum of App. Alts. Versed Sine, 

Sum of True Zen. Dists. Versed Sine, 
Apparent Distance, Versed Sine, 

True Distance, 98* 48^ 45" Versed Sine, 



2d. 3' 55'' W 



00582 PP. 


97 


35285 ... 





51225 ... 


37 


65908 ... 


U7 


201 ... 


201 


53201 




2986 





215 
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II. 



DEMONSTRATIONS 



RULES FOR THE LUNAR METHODS. 



Let A = 'Apparent altitude of moon. 
A*" = True altitude of meon. 
a = Correction of moon's altitude. 
R = Refraction of the moon in altitude. 
P = Parallax of moon in altitude. 
H = Hori2ontal parallax of moon. 

B = Apparent altitude of star, which may be the sun, a fixed star, or a planet. 
B' = True altitude of star. 
fi == Correction of star's altitude, 
r = Refraction of star in altitude. ^ 

p = Parallax of star in altitude. 
h = Horizontal parallax of star. 
D = Apparent distance between moon and star. . 
D' = True distance between moon and star. 

A = £2«_A' 921B: , see (12). 
cos A cos B • ^ ' 

> = 1 — A. 

< = 57'' — r tan B. 

/ = 57'' — R tan A. 

M = Modulus of Brigg's System of Logarithms. 

C = Correction of Distance = D' — D. 

cos A COS B 
Z = Difference of the azimuths of moon and star. 
X is found from 2 cos (60** + a:) = A, see IV. 
y = 60'' + a:, see VIII. 
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I. INVESTIGATION OF FORMULA (a). 

Cos D = cos (A — B ) — vers Z cos A cos B (1) 

Cos D' = cos (Ar — B') — vers Z cos A' cos B' (2) 

(1), multiplied by cos kf cos B', gives 

cos D cos A' cos B' = cos (A — B) cos A' cos B' — vers Z cos A cos B cos A' cos B'. . . (3) 

And (2), multiplied by cos A cos B, gives 

cos D' cos A cos B = cos (A' — B') cos A cos B — vers Z cos A cos B cos A' cos B'. . . (4) 

(4) — (3) gives, cos D' cos A cos B — cos D cos A' cos B' = 

cos (A' — B') cos A cos B — cos (A — B) cos A' cos B' (5) 

But, if a and h be any two arcs, cos a cos 6 = i cos {a — h)-\-\ cos {a-\-h) (6) 

Hence, if in (6), we make a and 6 r= A and B, and then = A^ and B^, 

(5) and (6) will give, cos D' cos A cos B — cos D cos A^ cos B' = 

lco8(A'--B0cos(A-f B)^ico8(A' + B')cos(A — B) (7) 

And, if in (6), we make a = A + B , and 6 = A' — B^ 
and then a = A' + B', and 6 = A ■— B, 

(6) and (7) will give, cos D' cos A cos B — cos D cos K' cos B' = 

J cos (A — A' -f B + BO + i cos (A + A' + B -- B') 

— icos(A'— A + B' + B) — icos(A + A + B' — B) (8) 

But, if a and 6 be any two arcs, 

sin a sin 6 = ^ cos (a — h) — J cos {a-\-h) (9) 

And, if in (9), we make a cs A' -f- A, and 6 = B' ^ B, 
and then a = B -f- B', and h =z Af — A, 
t8) and (9) will give, cos D' cos A cos B — cos D cos A'' cos B' = 

isin(A' + A)sin(B' — B) + Jsin(A' — A)sin(B + B') (10) 

But A' = A 4- «, and B' = B — fi: hence by substitution in (9), 
we have cos D' cos A cos B — cos D cos L' cos B' = 

\ sin (2 A + •) sin (— /3) + J sin (2 B — /3) sin •. 
But • and /3 being small arcs, we may assume sin • = «, and sin ( — fi)-=. — /8. 
Hence, cos D' cos A cos B — cos D cos A'" cos W = 

--|/38in(2A4-») + |«8in(2B— ^) (11) 

Let A = cos A*" cos B ^ ^^ I = 1 — a = ^ ^ A cos B — cos A'' cos B' 
"" cos A cos B ' cos A cos B 

Hence, cos A cos B — cos A' cos Bf = ^ oos A cos B. ...... • . . (12) 

(12) multiplied by cos D, gives cos D oos A cos B — cos D cos A' c^s B' = 

^ cos D cos A cos B (13) 

(13) — (11), bemg divided by cos A cos B, gives 

cosD-cosD-= Msin(2A+^)~^«sin(2B-/3)_^,.^^^p formula (a) 

cos A cos B 



II. CALCULATION OF LOG A : Which is Called the Logarithmic Difference. 
Note. In what follows, quantities below the second order are retjected as being inconsiderable. 

LOK A=l0g 52iAlC08B: ^ , £08^ ^ , ^088' ^^^^ 

cos A COS B COS A cos B ■ ' 

But, COS B' = Cos (B — /S) = cos B cos /8 -f- sin B sin j8 = cos B ^ 1 — £_) -f- /9 sin B. 

Hence, £21B: =l_-|.+^tanB. .' (15) 

cos o j6 

If z be any number, log (1 -f- «) = Mz — i M«* + &c., therefore, 

log ^2^ = M/3 tan B — i M/S« — i M/3» tan «B (16) 

cos a 

For altitudes not below 6% r tan B is nearly = 67'\ let r tan B = 57'^ — ^ 
hence, p tan B = (r — p) tan B = (r — A cos B) tan B = 

r tan B - A sin B = 57'' _ ^ - A gin B (17) 
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Therefore, the term ^ M/9* tan ^B may be neglected on account of its smallness, 

and we have, log 221^ = M.57'' — M< ~ MA sin B — J M^, 
cos B 

If, therefore, we calculate -^^^^4^ , and increase it by M.67'^ or 0.0001200, 
cos A 

we shall obtain an approximate value of log A, being the tabulated 

yalue contained in the common tables of the logarithmic difference. (18) 

From the value of log A, in (18), we must subtract, 

M (ff -h A sin B -f- J /3»), for the sun or a planet, (19) 

and M (f + I r»), for a fixed star (20) 



111. CALCULATION OF i, OMiTTma QuANTtTiEs Below ihi: 2d Order. 

> = 1-A = 1- COB A/ cos B- .21) 

cos A cos B • 

But, by (15), .^^ = 1 - -|. + <3 tan B, 

and, similarly, ^^^ =1 — ^>^a»tanA: 
cos ^v ^ 

Heace, by multipUcation, cos A^ cos B^ _ 
cos A cos B 

1 _ J «2 _ J /32 — • tan A -f- /2 tan B — « jS tan A tan B (22) 

But, by (IT), ^ tan B = 5V'' — ff — A sin B, 

and, similarly, » tan A = H sin A — 57'' •!-{'. . • ^ (23) 

From (21), (22) and (23), we have i = 

Hsin A — 114'' + ff' + i«2-h«/3tan AtanB + AsinB + f-f- i/S2. (24) 

(23) and (24) give « tan A = J, nearly ; and, (23) gives iS tan B = 57'' -— h sin B, nearly :— 

Hence, by multiplication, « fi tan A tan B =: J.57" — 1)A sin B (26) 

The formula in (25) would cause some inconvenience in tabulating 2, but its value is in general so 
inconsiderable, that it may be safely neglected. It is greatest for a fixed star, being = J. 57", and this, 
at its maximum, amounts only to about 1". We shall, therefore, make « fi tan A = <).57", as this 
will be practically correct for the sun or a fixed star. 

We may, therefore, tabulate J = H. sin A — 114" + «'-f| .2 + a.57" (26) 

The correction to be added for the sun or a planet is A. sin B -f~ ( + i ^'> (27) 

And the correction to be added for a fixed star is ^ 4~ t^ ''' (^^8) 



OTHERWISE. 

By calculating A from the approximate value of log A given in (18), and subtracting the result 
from unity, we shall obtain the approximate value of 1 — A or i (29) 

To ascertain what the corrections, given in (19) and (20), become when applied to \ we must ascer- 
tain what variation of ) is caused by a small variation of log A : 

Now 3 = 1 — A, therefore di= — dA; but d A = -^ ^^^f^' ^, 

M 

therefore rf» =_li2«^ = _ ^i^ +1>°|^.> (80) 

M. MM 

The corrections in (19) and (20) being small, we may omit the term — ^ i, which gives d> = — 

~^^ — ; and, therefore, the corrections of i are proportional to those of log A, taken with a con- 
M 

trary sign, and are, consequently, additive to d. (31) 
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But, as stated in (18), a correction of M. 57" in log A is — 0.0001200, or to 120, if we extend log A 

only to 6 places of decimals, and neglect the ciphers on the left : and c{ log A = M. 57", gives di = 

57" by (31). 

Hence 120 : correction of log A : : 57" : correction of 9. 

This mode of calculating d, and its corrections, will give the same results as in (26), (27), and (28) : 

For the number corresponding to log ^1^- is ^^^-^ = 

cos A cos A 

similarly as in (15), 1 — ^ m,^ — « tan A = 
by (23), 1 — I «2 — H. sin A 4- 57" — J^ 

Hence, if we take log A = log ?^lA', we have A = *?2iA', 
cos A cos A 

and 3 = 1 -- A = H sin A — 57" + « + *•». , 

But to this value of log A, the correction M. 57" is applied in (18), 

and, which by (30), gives the correction for J = — 57^' -|- >. 57" : 

Hence, the approximate value of Z, as found by (29) ; is = 

H sin A — 114^' 4. j' 4- j ,t -f 8.57", which agrees exactly with formula in (26). 

Again, by (31), d,i = ^^-^ ^«''<*«> ^^ substituting (19) and (20) for d. log A, 

we have, the correction for the sun or a planet =^ f -^^ h Bin B -\- ^ 0^, 
and the correction for a fixed star = ; 4~ i f"' : 
which formulas are the same as those in (27) and (28). 



IV. CALCULATION OF x FROM THE EQUATION 2 cos (60' + ar) — A. 

Since 2 cos (60** + ar) = A ; and cos (60" -\- x) = cos 60" cos x — sin 60* sin x, 

we have A = 2 cos 60" cos « — 2 sin 60" sin x. 
But 2 cos 60" = 1 ; and as A is nearly = 1, ar is a small arc, and therefore we may assume sin ar = x, 
and cos it = 1 — ^ x^: 

Hence A = 1 — J a?» — 2a? sin GO", 
and a = 1 — A = J at» -f 2a: sin 60". 

Therefore x = Aj=JL?L = 1 2 cosec 60" — i :p» cosec 60" = 
2 sm 60" * 

i J cosec 60" ^ HM cosec 60")«. cosec 60". 
But the tabulated value of 9 has been already given in (26), hence we may easily find the corre- 
sponding value of X. 
In order to find the corrections of x for the sun, or a fixed star, or a planet, 

we may assume a? = | ) cosec 60" ; but cosec 60" = ^ nearly, therefore ar = ^ >, 

A 

and d X = — d 3 : 

« 

Hence, by multiplying the corrections of i in (27) and (28) by f , we shall obtain the corresponding 
corrections of x. 

Note. The value of x is contained in Table XXX.* of Norie's Navigation. 



V. INVESTIGATION OF FORMULAS (6) and {b'), 

Formnlas (6) and (6') are derived from formula (a) by rejecting quantities below the 2d order. 
Formula (a) is cos D — cos D' = 

^ $ sin (2A + «) - ^ « sin ( 2B - 0) . j eos D (32) 

cos A cos B 

But, sin (2A -h «) = sin 2A cos • + cos 2A sin « = sin 2A + « cos 2A (33) 

and, sin f2B — 6) = sin 2B cos /3 ^ cos 2B sin |8 r= sin 2B ->- /3 cos 2B . . (34) 
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(32), (33) and (34) give, cos D — cos D' = 

MBin2A-|«sin2B _^ , ^, jy ^ ^ ^ ^ , JSt^AJl^^ (35) 

COS A cos B cos A cos B ^ ' 

But. i . fi. _2082A + co. ffi ^ . ■^«(^ + °)^.''.f-° i let this be denoted by c. (36) 
' ' COS A cos B cos A cos B 

Also ^ sin 2A __ sin A cos A __ sin A 
cos A cos B cos A cos B cos B ' 

J . M 1 it sin 2B sin B zmtx 

and, similarly. — *-r^= =5- = r- (37) 

cos A cos B cos A ^ ' 

(35), (36), and (37) give, cos D — cos D' = — ^ . sin A ^ . sin B -f J cos D + c (38) 



cos 



-£-_ = — !1_ — A; and, similarly, — ^^= H 



cos B cos A cos B * * ^ ^ 

(38) and (39) give, cos D — cos D' = 

(-^—h)nn A — (n Sl-") sin B -f > cos D -f c formula (6) 

Vcos B / V 'COB By ^ ' 

Let this value of cos D — cos D' be denoted by g, and let C = D' — D. 

Therefore cos D — cos D' = cos D — cos (D -[- C) = g. 

But cos (D 4" C) = cos D cos C -f- sin D sin C, and cos C = 1 — J C nearly, as C is small, 

also sin C = C. 
Therefore g = cos D — cos (D -j- C) = J C« cos D + C sin D. 

aBdC= ^-^*-^22l£.= gco8ecD — jC>cotD formula (60 



sm 



D 



\ I. DEMONSTRATION OF FIRST LUNAR METHOD. 

Tofijnd ^ eorredifni of the Distance for R^ctcHon : we have A=0, H=rO, • = R,/8 = r; hence 

(26) and (28) give, > = — 114^' + «' + < + *»* + *»•*. 

And, by formula (6')» C = « cosec D — J C> cot D. 
Hence, rejecting } C^ cot D, ^ R', and ^ r> as inconsiderable ; the altitudes in this method being 
supposed not under 7** ; and taking the value of q from formula (&): We have, 

C = f-Ai . sin A -H — 5l^ . sin B + ci . cosec D — (114'' — «' — «). cot D. 
(cosB ' cosA 3 » w 

Or C = i-^ . sin A + -^-j-. sin B -f c — (114'' — / — j)| . (cosec D — cot D). 

(cos a COB A J 

Now — ^ . Bin A H ?hr-' B™ B + c - (114" — «' — t) is the auxiliary arc in Table V., 

COB B ' cos A ' "" 

and, since (114" — «' — j) (cosec D — cot D) = 114" ton J D nearly : we have 
C = (Aux. arc in Table V.). cosec D -f- 114" ton ^ D, 
Table YI. contains C -f" 20", which is called the Ist correction. Hence, this correction added to 
the apparent distance will give the distonce corrected for refraction 4- 20". 

To find the correction of the diitancefor the moon*g parallax : we have r = 0, R = 0, A = 0, « = P; 
57" — « = r ton B = 0, 57" — «' = R tan A = 0, hence — 114" + g^ + ^ = 0. 

Therefore, by (26) and (28), > = H sin A + J P^ = H sin A + J HP cos A = 
H (sm A + J P cos A) = H sin (A 4- J P). 
Hence, formula (6') gives C = — H sin B cosec D -j- H sin (A + i P) cot D — | C« cot D, as c = 0. 
Table I. contains | P — R, therefore the 1st and 2d auxiliary arcs, as found by the Rule for this 
method, give the first two terms of C. And, since Table VIII. oontoins i^ C^ cot D -f- 20", it is 
evident, that by applying the Rule, we shall obtain the distonce corrected for parallax — 20". It is 
understood, however, that before applying the correction for parallax, the altitudes and distance have 
been previously corrected for refraction; consequently the true distance between the moon and a 
fixed star will thus be obtained. 
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To find the correction of the Distance for the pardUax of the tun or a planet : 

As in the case of the moon, C = — A sin A oosec D -f- A sin B cot D : 

Now, Table VII. contains C + 10", when h = 10'', consequently, this will give nearly the eflTect of 
the san*s parallax + 10'^ An<l to destroy the lO'', the arc from Table VIII. is in this case increased 
by 10". 

The rale for finding the effect of a planers parallax is easily deduced, since the correction is pro- 
portional to the parallax, as appears by the aboye formula. 



VII. DEMONSTRATION OF SECOND LUNAR METHOD. 

The Rule for this method determines the true distance between the moon and a fixed star, as the 
correction for the parallax of the sun or a planet is found by Table VII. 

Hence, formula (6') gives, C = 1—^ . sin A — (^ H 2-j. ") sin B } oosec D -f 

(cos IS V cos Ax } 

* 

> cot D + c cosec D — i C« cot D. 
But, by (26) and (28), I = H sin A — 114" +j^ + j4-j^«» + jr» = 

H sin A- (114" - 2 «0 + <-«' + *•• + *r". 

Now, 114" ~ 2 / = 2 R tan A = sin A . -?^ ; and, if we make J •« _ / =r J (a — «)• 

cos A 

= I •» — • ar, we find r =: -^ , and | •?—<' = | (• — -t- Y . 

Therefore, 3 = sin A (^H ^ "^J-j + jrJ + iC*— JLV . 

N eos Ay V • / 

HenceC = f — ^ . sin A — ("h J^L-'JsinB ] cosec D + sin A (^H ^J?!.') cot D 4- 

(cosB \ cos A / ) V cos A/ 

(« + *»•») eot D + c cosec D + J (• — Cy cot D — J C» cot D. * 

The 1st, 2d, and 3d parts of the Rule evidently give the part of C contained in the first line of the 

r R. 
above expression: as, g-, and are the arcs contained in Table XXV., and (d-i^r*) 

cos D COS A. 

cot D -f- c cosec D is the star's correction contained in Table XXIV. 
Also, » — J— is the departure of the moon in altitude, contained in Table XXII. ; consequently, 

from Table VIII., we obtain J (• — — -) * • cot D + 20" ; and, from the same Table, we also obtain 

I C^ cot D 4- 20" : but, as by the 2d and 6th parts of the Rule, the former is added to, and the latter 
subtracted from the apparent distance, the result will evidently be the same as adding 

i(» S_ J cot D — ^ C> cot D to the apparent distance. 

Hence, the Rule includes all parts of C. 



VIII. DEMONSTRATION OF THIRD LUNAR BfETHOD. 

By IV., 2 cos (60® + a?) = A ; put 60^ + ar = y; therefore 2 cos t^ = A. 
By formula (p), cos D — 3 cos D — cos D' = 

But cos D — > cos D = cos D (1 -- 8) =r A cos D = 2 co» t^ cos D = cos (y + D) + cos (v — D). 
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Hence cos D — i cos D — cos D' = cos (y + D) + cos (y — D) — cos D' 

='vers D' — Ters {p -{-D) — vers (y — D) + 1- 

Therefore versD'=— ^H 3^r)sinB4- f-JL^ — A^sin A 

V cos A/ ' Vcos B / 

+ c 4- vers (y 4- D) + vers (y — D) — 1. 
From this formula the Rule given for the fourth Lunar method is easily deduced. 



IX. DEMONSTRATION OF FOURTH LUNAR BfETHOD. 

vers D' — vers D = cos D — cos D', which, by formula (6), is = 

(-^— a") sin A — (^H ^^ sm B + 8 cos D H- c. 

\ cos B y V cos A/ ' ' 

Therefore, vers D' = — f H ~, ^ sin B-f (—^ — A^ sin A + c -j- J cos D 4- vers D. 

V cos A/ Vcos B / ' ' ' 

But H r-, and — %= A are the first and second auxiliary arcs ; consequently, the first 

cos A cos 15 

two terms of vers D'" are the 1st and 2d departures of distance, the former of which is negative or W, 

and the latter positive or E. The correction c is applied to the 2d auxiliary arc, because it is 

generally additive. 

The term i cos D is evidently the 3d departure ; and is positive, or E., when the distance is less 
than 90*^, but is negative or W, when the distance is greater than QO'', the sign being the same as 
that of cos D. 

The first and second parts of Table XXVIII. contain, respectively, the lengths of poritive and 
negative arcs ; hence the correctness of the Rule is evident. 



X. DEMONSTRATION OF FIFTH LUNAR METHOD. 

By spherical trigonometry, we have 

cos D =: suvers Z cos A cos B — cos (A -|- B), (40) 

and cos D' = suvers Z cos A' cos B' — cos (A' + BO (41) 

(40), multiplied by cos A', cos B', gives cos D cos A' cos B"* = 

suvers Z cos A cos B cotf A^ cos B^ — cos (A -f- B) cos A' cos B^ . (42) 

(41), multiplied by cos A cos B, gives cos IK cos A cos B = 

suvers Z cos A cos B cos A^ cos B' — cos (A' -|- ^0 oos A cos B (43) 

(43) — (42) gives, cos D' cos A cos B — cos D cos A'" cos B'' = 

cos (A -h B) cos A' cos B' — cos (A' + BO cos A cos B (44) 

(13) — (44), when divided by cos A cos B, and since cos A/ cos B" _, ^ ^jjj ^^^ 
^ ' ^ '* cos A cos B 

cos D — cos D' = — A cos ( A + B) -f cos (A' + BO -f ^ cos D. 

= — cos (A + B) + cos (A' + BO -f >'cos (A + B) + 8 cosD. 

Hence, vers D' — vers D = vers (A + B) + suvers (A' + BO + « cos (A + B) + I cos D — 2. 

From this formula, the Rule for fifth method is easily deduced. It may be remarked, that the sum 
of the last two terms of the preceding formula is always positive: for 90** — A, 90° — B, and D, form 
the three sides of a spherical triangle, and therefore, 90° — A + 90'' — B, or ISO** — (A + B) is 
greater than D; hence A + B and D must either be both less than 90°, or if one of them is greater 
than 90°, the other must be less than 90°. In the former case, the cosines of both are positive; in the 
latter, the cosine of the obtuse arc is negative, but it is less than the cosme of the acute arc, since 
the supplement of the obtuse arc is greater than the acnte arc: consequently, in both cases 
> cos (A -|- B) -f- ) cos D is a positive quantity. 
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III. 

DEMONSTRATION 



RULE FOR FINDING THE TIME. 



Lfet A =rT San*B altitude, L = Latitude of Ship, P = hour angle from noon, and D = Sun*t declination. 
Then, by Spherical Trigonometry, vers P = cos (^ -- D) — ^wn A 
But, cos L cos D = J cos (L + D) + J cos (L — D) , 

therefore, i^ v ers P = ^ T^Z^^'~^ "^^ ^ ^ 
i cos (L — D) + J cos (L -f- D) 

Now, L — D and L -4- D are, respectively, the difference and sum of the Latitude and Declination, attending to 
their names. And Table XVII. contains half-cosines, and half-sines : the cosmes and sines being taken for radius 
10,000, and supposed to denote seconds ; these being then reduced to minutes and seconds, for the convenience of 
using the Table of Proportional Logarithms. Table XYIII. contains Logarithms of half- versed sines : hence, the 
Rule is easily deduced. 

If L -|- D exceed 90°, its cosine becomes negative, hence the reason for the Note to the Rule. 
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IV. 



CONSTRUCTION OF THE TABLES. 



TABLE I. 

Tuis Table contains | P — R , or half the Parallax of the moon in altitude diminished by the Refraction : See 
VI. of Appendix IT. 

The Log. Parallax in altitude is = Log. Horizontal parallax -\- Log. Cosine of apparent altitude — 10 ; or, it 
may be obtained, sufficiently exact for this purpose, by taking from a table of diiFerence of latitude and departure, 
the diiFerence of latitude, corresponding to the altitude as a course, and the horizontal parallax as a distance. 



TABLE II. 



1st. To find the Reduction of the Latitude. 



Let O be the place of the observer on the silrface of the Earth, C the centre of the Earth ; O D a iangent to 
the meridian of the place, and meeting the Equatorial diameter at D ; A O the ordinate passing through O ; O F 
perpendicular to D O ; A B the ordinate to a semicircle described on the Equatorial diameter ; and O Y, O W 
perpendiculars from O on D B, B C. 




As O is a point in an ellipse, D B is a tangent to the Semicircle on the Equatorial diameter ; and, therefore, 
D B C is a right angle. 

It is evident that O F D =r Latitude of O, the Earth bang taken as a sphere, and O C D =s Latitude of O 
the Earth being a spheroid : hence the Reduction of Latitude =OFD->OCD=FOG=:DOC — DOF 
3= D O C — D B C, (as D O F and D B G are each a right angle) = BC04-BD0. 
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Let 1/ = Latitude to a sphere. 

L = Latitude to a spheroid. 

A = Angle B C A. 

1 = Equatorial semidiameter of Earth. 

p = Pohir semidiameter of Earth, 

r = Radius of Earth at O = C O. 



Then, B C O = 



And, VDO = 



OW 



B O . sin O B C 
OC 



B O . cos A 



B O . sin A 



Therefore, B C O : V D O : 



OC OC OC OC.tanA 

VO BO.sinDBO B0.8inDBO_BO.sinA 



DO 



'""'OC.tanDCO OC.tanL 



B O . sin A , BO. sin A 
OC.tonA * OC.tanL ' 



tanL 

AO 

P 



: tan A » 
: AB, 
: 1, 



hence V D O = ^^^ ; and Reduction of Latitude =:L'-.L = BCO-l-VDO = 

P 

BCO + .2J5J5. =BCO . i±£. 
p p 

But, since A O : A B : : p : 1 , 
therefore AO : OB::p:l— p, 

and O B = A O . 1=1^ = r . sin L . 1^:^^ . 
P P 

Hence B C O = ('SJ^.^LArz^ sin L cos A . ii::!^. 

V OC y p 

But, cos A = cos (L 4- B C O) = cos L cos B C O — sin L sin B C O 
= cos L — sin L . B C O , nearly. 

Therefore, B C O = sin L cos L . ^""^ sin SL . B C O . i-=l^; 

P P 



sin L cos L . - 



and, consequently, B C O = 



1 -J7 sin 2L 



1-P 



The Denominator is eyidently a maartmum, when L = 90*, and it then is = 1 H ^ = — : its minimum 

ralue is evidently = 1. 

If therefore we assume the denominator to have its maximum value, B C O = sin L cos L . (1 — p), or- 
=: sin 2 L . 



1-P 



2 ' 
But as p = -— ^ , and the maximum value of B C O is when L = 45" ; in which case, it is = — - — 



'"460 • 



(to radius 1), = 7' 29" : hence, by assuming the denominator of B C O as = its maximum value - , and as 

(1 \ 7' 29'' / 
1 ) = ^090 "" ~ ^ » 

which is sufficiently correct, as B € O is required only to the nearest minute. 
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The Reduction of LaUtude = L' — L = B C O . — i-^ = sin 2 L . ^ ~"^ , the maximum yalue of which 

P ^P 

is, when L = 46% = ^7^' = 15' 0" . 

And, since sin 2 L' — sin 2 L -= cos 2 L . 2 ( L' — L), nearly, it cannot exceed 2 (L' — L) or SCK ; we may 
therefore assume L' — L = ( sin 2 L . — ~"^ = ) sin 2 L' ~"^ : as the greatest error cannot exceed 

30' . ^-^ , or 8" . 
2i) 

Hence B C O = sin 2 L' . ^'Z^ i and Reduction of Latitude = sin 2 L' . '^T^ - 

2d. 7b ^nd «A« Correction of the Altitude. 

Let P be the Pole; Z, the senith for a sphere, and Z' the zenith for a spheroid; and S the place of the 
observed body. 




Then Z Z'" = redaction of Latitude; Z S «= obseryed zenith distance; Z^ S = corrected zenith distance. 
And, if Z^ O be drawn perpendicular to Z S , Z O ^ correction of zenith distance, or correction of altitude = 
Z Z' cos Z. 

Therefore, Correction of altitude = Reduction of Latitude . Cosine of Azimuth : it is eyidently additive, when 
Z or the azimuth is less than 90** ; and subtractive, when Z is greater than 90''. 

3d. To find the Reduction of the Moon*s Equatorial Parallax. 

Since r = C O = -^-^, and A C = C B cos A = cos A , 
cos L 

therefore r = -£2L^ , 
cos L 

and l-r = l- "^^ = ««>»I--««»A. ^ rinL.BCO n«„iy, ^ tan L . B C O . 
COS L cos L cos L 

= tan L' . B C O, nearly. 
But B C O = sin 1/ cos 1/ . (1 — p) ; therefore 1 — r = sin >L' . (1 — p) . 
And, since the parallax is proportional to the semi-diameter of the Earth, we have 

1 : r : : H, (the horizontal parallax at the Equator): parallax at Latitude I/, 
Hence, 1:1 — r : : H : Reduction of horizontal parallax = (1 — r) . H 

= 8in«L'.(l— p).H, 
where H may be talcen = the mean parallax l$J'» 
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TABLE III. 
Ist. To find the Augmentation of the Moon*t Horizontal Semi-diameier. 

Let D = Distance of moon from centre of Earth. 

S = Distance of moon from the observer, 

r = Radins of the Earth. 

P = Parallax at altitude A. 

H = Horizontal parallax. 

A = Apparent altitnde. 

A' = True altitude ( = A + P) . 

S = Horizontal semi-diameter. 

S' = Semi-diameter at Altitude A. 

S'' — 8 = Augmentation of semi-£ameter. 

Then, it is easily shown that P = cos A . H , ^ =^ H, D i d : : cos A : cos A^ and D : rf ; : S' : S . 

Hence %- = ^ = -"-5^,, 
S d cos A^ 

and 4^-1 -: cosA _, 



or 



S "cos A' 

S' — S cos A — cos A' 



I """ cos A' 

But cos A — cos A' = sin A . (A' — A), nearly = sin A . P =i. sin A cos A . H ; 
and cos A' =r cos A — sin A cos A . H. 
8' — S sin A cos A . H __ sin A . H 



Hence, 



S cos A — sin A cos A . H 1 — sin A . H 



and S^ — S, or AugmentoHon of gemi-dkimeter == .-i^Li^jJIL-. . 6 . 

1 — sm A . H 

But, taking H = mean parallax = 6T, and S = 16^ the maximum value of S' — S is, (when A r=r 90**}, = 

57/ 
— ;r-- — =:., • 16' = IC • 2. But, if we assume the denominator = 1, instead of 1 — sin A . H, then the 
radius — W 

vfuunmum ralue is 57' . 16' = 15'' . 9 : we, therefore, may assume, in all cases, that the denominator is 1 ; and 
hence, 

the Augmentation of the senU-diameter = sin A . sin 57' . 16'. 

2d. To calculate the Dip of the Horizon. 

Let h = Height of the eye in feet, 
r = Radius of the Earth. 

Then, the Visible horizon being a tangent to the Earth, drawn from the eye; and the True horizon, a 
perpendicular to the radius of the Earth passing -through the eye: it is earfly shown that the cosine of the angle 

contained between these horizons, or of the Dip of the Horizon is = — L— . . 

r-\-h 

Hence 1 — cos Dip = ;— - = — ?- , nearly, 

or 2 sin «J Dip = -A. , 
r 

or i Dip« = JL , 
and Dip =_ v -- — , to radins 1, 
and Dip in seconds ^ seconds in radius . v - — 
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But r = 3956 miles, and seconds in Radius =r ^^" ^ ^^ ^ , 

Therefore Dtp in seconds = V^r. ^^^'^'^J'^.^;^, 

V (1978 X 5280) 

and Log. Dip, in seconds := | Log. h -^ Const. Log. 1.804993. 

But Terrestrial Refraction being = -— - of intercepted arc =r -JL. of Dip : and as the Visible horizon is raised 

10 10 

Q 

by the Refraction nearer to the True horizon : hence the Dip, corrected for Refraction, will be -^ of the Dip 

A 

as formerly calculated. But Log. -^ = — 1.954242, hence Log. Dip, in seconds = ^ Log. h -\- Const. Log. 
1.759236. 

3d. To calculate the Parallax in aJUitade, 

This is easily obtained from the formula : Parallax in altitude = Horizontal parallax . cosine altitude : in the 
case of the Sun, the horizontal parallax is 9". 



TABLE IV. 
The Mean refraction, R, is = 57'^ cot (A -[-* 3 R), where A is the apparent altitude. 



TABLE rV.* 



The Correction of the mean refraction for any temperature < is = -i^- ' * . And the correction for 

350* + < 



any height h of the barometer is = ^* "".? ' ^ ^ ' ^ 

29 . 6 



TABLE V. 

This Table contains an Auxiliary arc = ?1— - . sin A + — 5_ — sin B + <J — (H*" — / — i)- (See 

cos B cos A 

VI. of Appendix II.) : where c = • /8 . co^ (A + B) cos (A -- B) ^^^ y ^^^ ^^ Appendix II). 

cos A cos B 



TABLE VL 

This Table contains the first correction of Method I. =(Aux. arc in Table V.) cosec D -f 114" tan ]^ D -f 20" : 
(See VI. of Appendix II.). This table, therefore giyes the correction of the distance for refraction increased 
by 20^'. 



TABLE VII. 

This Table contuns a correction for horizontal parallax 10^' ; and which may, therefore, be taken for the 
Sun's correction, without any error of importance : the horizontal parallax of the Sun being 9^^ instead of lO'", we 
ought, in strictness, to diminish the correction in this Table by one-tenth of it, to find the correction for the 
parallax of the Sun. 

2 B 
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The correction of distance for parallax of moon is, (VI. of Appendix II.), = — H sin B cosec D -}- 
H sin (A -|- ^ P) cot D — ^ C* cot D . And in the same manner, we may find the correction for parallax h of the 
Ban or planet, (neglecting ^ p and the term ^ C* cot D, as inconsiderable), = ~ A sin A cosec D -f- % sin B cot D. 
And by making A = 10^^, and adding !(/% the corrections in this Table are found : they are evidently proportional 
to A. 



TABLE Vlll. 

This Table contains ^ . {Depcuriurey cot D -f" 20^' ; where the Departure is the argument in the side column, 
and is = C, the departure of Distance (see YI. of Appendix II.), or =: the departure of the moon in altitude 

= « *- (see VII, of Appendix II.) 



TABLE IX. 

This Table contains Logarithmic Sines, Tangents, and Cosecants. 



TABLE X. 

This Table is called a Table of proportional Logarithms for 3 hours or 3 degrees, because it is useful in 
finding the fourth term of a proportion, where one of the terms is 3 hours, or degrees : it may also be used in all 
cases, when none of the terms exceeds 3 hours or degrees. The Logarithm in this Table corresponding to any 
given quantity is found by subtracting the Logarithm of the seconds in the quantity from the Logarithm of the 
seconds in 3 hours or 3 degrees, or from Log. 4.0334 : and is therefore the Logarithm of the quotient of 3 hours or 
3 degrees divided by the given quantity. 

Now, if a:b : im : n, and c be a constant quantity : then 

g . g . . c , c 
a ' h ' ' m ' n * 

hence Log. -— = Log. -^- -}- Log. ~^~ — Log. _£_ : 
n h m n 

where if c is 3 hours or degrees, the Logarithms are proportional Logarithms ; 

and if a = c = 3 hcMirs or degrees, then Log. -£— = Log. -5— + Log. -^ Log. 1 

n o fn 

or P. Log. n = P. Log. 6 -|- P. Log. m. 

Hence, when the first term of a proportion is 3 hours or degrees, the Proportional Logarithm of the 4th term is 
= the sum of the Proportional Logarithms of the 2d and 3d terms. 

Again, if fc = a sin A, then -f— = .— .— = -^~ . cosec A ; and Log, -f— = Log. S— -f- Log, cosec A, 

o a sin A. a o a 

or P. Log. 5 r= P. Log. a -|- Log. cosec A : and the same principle is applicable in other cases. 



TABLES XI., XII., Xin., XIV., XV., and XVI. 

These Tables do not reqiure any explanation as to their construction. 
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TABLE XVII. 



This Table contains Half-cosines and Half-sines : the natural cosines and sines bdng taken for radius 10,000, 
and reckoned as seconds, for the purpose of adapting them to the table of Proportional Logarithms. It is 
therefore evident that the sum of any two Half-cosines, cannot exceed lOjOOO'' or 2' 46' 40'^ ; and, consequently 
in all cases, the table of Proportional Logarithms may be used in the Rule for finding the time. 



TABLE XVIIL 

This Table contains the Logarithms of half the Versed Sines of the hours, minutes, and seconds forming the 
Argument of the talble. 



TABLE XIX. 

This Table contains Proportional Logarithms for 24 hours or degrees ; and is therefore useful when one of 
the terms of a proportion is 24 hours. The Logarithms in this Table are found by subtracting the Logarithm of 
the number of minutes in the hours or degrees, and minutes of the Argument of the Table, from the Logarithm of 
the minutes in 24 hours or degrees, or from const. Log. 3.1564 : or, by subtracting the Logarithm of the number 
of seconds in the minutes and seconds of the Argument from the same Constant Logarithm: these being 
respectiyely applicable according as the Argument is made to express hours or degrees at the top, and minutes 
at the side ; or minutes at the top, and seconds at the side. 

The use of this Table is similar to that of Table X. 



TABLE XX. 

This Table does not require any explanation. 



TABLE XXI. 

This Table contains Proportional Logarithms from 1 hour or degree, and is therefore similar to Tables 
X. ard XIX. : the const. Log. used in constructing the Table is the Logarithm of 3600, or Log. 3.5563. 



TABLE XXII. 

This Table contains the Departure of the moon in altitude, used in the second Lunar method. It ib 
= a *- f (see VII. of Appendix II.); or, if »be expressed in minutes, and / in seconds, the departure is 

•= m. — —;r^~. : where « may be taken for the mean parallax 57'. 

60 sin * 



TABLE XXIII. 



This Table contains c = « /S . cos (A + B) cos (A - B) 

cos A cos B 



= iS sin « cos (A ■\- B) cos (A — B) sec A sec B : (see V. (36) of Appendix II.) 
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TABLE XXIV. 

Thii Table contains the star's correction = (f-|-Jr«)cotD-f-tf cosec D : (see VIL of Appendix II.), where 
e is contained in Table XXIII. 



TABLE XXV. 

This Table contains ^^ : which, at high altitudes, is = -^' 5!?* ^ = _?I1. 
cos A cos A sin A 



TABLE XXVI. 
This Table is a duplicate of that giren in Table II. 



TABLE XXVII. 
This Table contains a specimen of ), the construction of which is explained in III. of Appendix II. 

TABLE XXVIII. 

This Table consists of two parts : the first part baring for its Argument an arc which is named E, or 
positive ; and the second part contains an arc, which is named W, or negative. 

The first part contains the actual length of the arc, which is the Argument of the Table, for radius 1,000,000 : 
the last five figures only being retained. 

If we denote the length of the seconds of an arc s, and that of the degrees and minutes by m / then the length 
of the whole arc is m-^s ; and, if the arc is negative, we may add 100,000 — (m -f- s), instead of subtracting 
m -{- #, the last five figures only being retained. 

Now, in the second part of the Table, we have 99,000 — m, and 1,000 — s : consequently, when these are 
added together, we obtain 100,000 — {m -\-s) ; which is, as stated above, the length of a negative are, retaining 
only the last five figures. 
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V. 



DEMONSTRATIONS 

OP THE 

RULES FOR FINDING THE SMALL CORRECTIONS 

OP A 

LUNAR DISTANCE. 



Ist, The correction for the Spheroidal figure of the Earth. 

The correction of the Lunar distance for the Moon's parallax is C = — H sin B coaec D + H sin (A -f- J P) 
cot D — ^ C* cot D, by the formula giren in the demonstration of the first Lunar method, Appendix, page 175: 
the first and second terms of which are eridently the first and second area of the Departure of distance, found 
by Rule 7, page 28. Hence, it is evident that any change in the horizontal parallax will produce a proportional 
change in the amount of these terms, or of the amount of the first and second arcs above referred to : as the 
horizontal parallax is a factor of each term, and the other factors are constant. And as the change of parallax 
is a reduction of the parallax, the corresponding change of the amount of the first and second arcs of the 
Departure of distance is also a reduction of this amount ; when, therefore, it is applied directly to the distance, 
it must be made of an opposite name to the Departure of distance. Hence, Rule 1, page 89, is deduced. 

The first arc found by Rule 7, page 28 is — H sin B cosec D, as given in the formula, Appendix, page 175, 
as above referred to. Hence the correction of this arc corresponding to (2 B, a small change in B, will be found 

by taking the differential of the first arc, and is = — H cosec D cos B . — ^. = first arc. cot B . 



radius radius 

But the first arc . cot B is the Difference of Latitude as found in Rule 2, page 39; hence the correction of the 

first arc will be found by multiplying this Difference of Latitude by — ^. , all the quantities being expressed 

in minutes. But radius is nearly = 60® = BO X 60 minutes ; hence the correction of first arc in seconds = 60 

X the Difference of Latitude X - bn v7 gA "" = *^® Difference of Latitude X —^ — = the Difference of 

oO X bO ow 

Latitude X -*4— = the Difference of Latitude ^ ^ ^ g But # rf B = J d B . V = MB nearly, 

as the correction is small, and this approximation cannot differ above V^ from the truth. Hence, Rule 2, page 
39, is deduced : it is evident that by increasing the Sun*s correction by two-thirds of itself, would be more 
correct than increasing it by its half as stated in the Rule ; but the increased accuracy, thereby obtained, i:i 
unimportant. 



Digitized by 



Google 



188 APPKNDIX. 

Rale 3, page 39, b deduced in the tame manner from the formula for the second arc of the Departure of 
distance, as giren at pa«el75of the Appendix. 



2d, Correction for the Heighta of the Thermometer and Barometer, 

From the oonstruction of Table IV.,* Appendix, pagelSS^itis CTident that the corrections of both the 
Refractions in altitude are proportional to these refractions. And by the formula in the demonstration of the 
first Lunar method. Appendix, page 170^ it appears the correction of the distance for Refraction will change 
nearly proportional to the whole change of the refractions in the altitudes of the bodies. Hence the Rale, 
page 41, is deduced. 



dd, Correction for the ellipticai form of the Kmh of the Moon or Sun, 

If from the true place of the moon, a perpendicular be drawn on the apparent distance between the bodies, 
there will be formed a right angled triangle, of which the angle opposite to the perpendicular will be the angle 
at the Moon contained between a Tcrtical circle passing through the Moon, and the great circle passing through 
the Sun and Moon. The hypotenuse of this triangle is the parallax of the Moon in altitude; and the base is the 
correction of the distance corresponding to the parallax of the Moon. Hence, Rules 1 and 2, page 42, are 
deduced. 

Rule 3, page 42, is eridently deduced from the theorem in Spherical Trigonometry, that the Sines of the 
sides of a spherical triangle are proportional to the Sines of the opposite angles. 

From the explanation given at page 42, it appears that the limb of the Sun or Moon assumes an elliptical 
form, owing to refraction. The major semi-axis, or equatorial semidiameter of this ellipse is the semidiametei* 
of the Sun or Moon at the giren altitude; and the minor semi-axis, or polar semidiameter, is less than tlds by 
the difference between the Refraction corresponding to the altitude of the centre of the Sun or Moon, and the 
Refraction corresponding to the altitude of the highest point on the limb, which latter altitude differs from the 
former by the semidiameter of the Sun or Moon, or by 16^ nearly. Hence, for any giren altitude of the centre 
of the Sun or Moon, take from Table IV. the corresponding Refraction; and, from the same Table, take the 
Refraction corresponding to an altitude 16' greater than the giren altitude: the difference between these 
refractions will be the difference between the equatorial and polar semidiameters of the ellipse formed by the 
limb of the Sun or Moon. These differences are giren in the first column of Table, page 43, being under O*' as 
the angle at the Sun or Moon. 

The formula giren in the construction of the Table for finding the reduction of the Moon*s equatorial 
parallax, Appendix, page 181, is 1 — r = sin 'L' (1 — p); where 1 is assumed as the equatorial semidiameter of 
an ellipse, p the polar semidiameter, and r the semidiameter to a point of the ellipse whose Latitude is L'; 
where L' is the complement of the angle contained between p and r. Hence the difference between the 
equatorial semidiameter and any other semidiameter r, of an ellipse, is equal to the difference between the 
equatorial and polar semidiameters multiplied by the square of the cosine of the angle contuned between the 
polar semidiameter and the semidiameter r. But the angle at the Sun or Moon is the angle contained between 
the rertical or polar semidiameter, and that semidiameter which is a part of the great circle passing through 
the two bodies. It follows, therefore, that if the quantities in the first column of Table, page 43, be multiplied 
by the square of the cosine of the angle at the top of any other column, the quantities in the latter column will 
be found. Hence, Rule 4, page 43, is deduced. 



THE END. 



PHlNTeO RY \r. O.UI.ACKIR At CO., VILLAITIKLD, GLASQOW. 
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« i iTTiTTfc I mn TiATi mrTn •n-nfkpwnnnTrfTTTTI HT? UAl^nDUlTTrtfl IT •PT?T'PAgTl 



ERRATA. 
Page 10, in Note to Rule 3, for page rii, read page 60. 
„ 16, in Rule 2, for page v, read page 68. 
„ 17, in Rule 3, for page v, read page 58. 
„ 28, in Rule 1, for pages ii and iii, read pages 58 and 59. 
„ 28, in Rule 2, for pages iii and iv, read pages 69 and 60. 
„ 29y in Rule 10, for page ir, read page 60. 
„ 41, in Rule, for pages i and ii, read pages 57 and 58. 
„ 54, line 6, for 69* 27' 32", read 69° 27' 34''. 
„ 173, line 3, under (25), for • /3 tan A, read • /8 tan A tan B. 
„ 175, line 7, under VI., should be, 

— (lU" _ ,' _ ^) . (cosec _ cot D) . 



-0} 



cosec D 



and, that he has conducted the Seminary with the utmost 
credit to himself, with eminent success in the education 
of the Students, to the entire satisfaction and approbation 
of the Patrons and Visitors of the School, and with the 
warm support of the Public. 

Given at the Council Chamber, Aberdeen, and 
the City Seal hereto affixed, this Twenty- 
seventh day of March, 1832 years. 
JAS. HADDEN, 

Provost and C. M. 
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the following Works : — A Treatise on the National 
Debt; a Treatise on the Progress of Society ; 
Mathematical Tables; a Complete System of Mer- 
chandise ; a Treatise on Arithmetic, ^c. ^c, 

Marischal College, Aberdeen, 17th Nov. 1826. 

I HEREBY certify, that Mr. Jambs Gordon attended a 
complete Course in this University, and obtained the de- 
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Certificate by John Ceuikshank, Esq., Professor of 
Mathematics in Marischal College and University, 
Aberdeen, 

Marischal College, Aberdeen, 4th April, 1832. 
I CERTIFY, that Jambs Gordon, A^M. while a Student 
in the First and Second Mathematical Classes iu this 
University, during Sessions 1820-1, and 1821-2 respec- 
tively, merited my highest approbation in every respect, 
and greatly distinguished himself by his progress in his 
studies. In 1822, he gained, by comparative trial, the 
Mathematical Bursary, an annual prize of £50, open to 
Studeuts who have attended the above two Classes. 
During Sessions 1822-3, and 1823-4, he attended the 
Third aud Fourth Mathematical Classes, then taught by 
the hite Dr. Robert Hamilton ; and, in 1824, the Senatus 
Academicus conferred upon him a Gold Medal, appointed 
by the Founder of the said Bursary, to be given, at the 
close of their attendance, to such Mathematical Bursars 
as " have a fine genius for Mathematics," and are "deemed 
to excel remarkably thereiu,"^an honour conferred only 
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No. I. 
Certificate by the Toton Council of Aberdeen. 

These certify that James Gordon, A.M^ a native of 
this City, has been Master of the Public Commercial and 
Mathematical School of Aberdeen, under the Patronage 
of the Magistrates and Council, since the Month of May, 
1826 ; that he was appointed to that situation after a long 
and strict comparative trial before a Committee of Pro- 
fesso.'s of Marischal College, during which he highly dis- 
tinguished himself in the different branches of Mathemati- 
cal learning, including Algebra, Plane and Solid Geometry, 
Plane Trigonometry, Mensuration of Heights, Distances, 
Surfaces and Solids, Land-surveying, Geography, the 
Doctrine of the Globes, Navigation and Spherical Trigon- 
ometry, with its application to Nautical and Astronomical 
Problems; that he has all along taught these and other 
branches of Mathematics, besides Commercial Subjects, 
and occasionally the higher parts of Mathematical Science; 
and, that he has conducted the Seminary with the utmost 
credit to himself, with eminent success in the education 
of the Students, to the entire satisfaction and approbation 
of the Patrons and Visitors of the School, and with the 
warm support of the Public. 

Given at the Council Chamber, Aberdeen, and 
the City Seal hereto affiled, this Twenty- 
seventh day of March, 1832 years. 
JAS. HADDEN, 

Provost and C. M. 



No. II. 



Certificate by the late Robert Hamilton, LL.D., 
F.R.S.E., Frofetsor of Maihematice in Marischal 
College and University, Aberdeen, and Author of 
the follotoing Works : — A Treatise on the National 
Debt; a Treatise on the Progress of Society ; 
Mathematical Tables i a Complete System of Mer- 
chandise ; a Treatise on Arithmetic ^c. ^c, 

Marischal College, Aberdeen, 17th Nov. 1826. 

I HEREBY certify, that Mr. Jambs Gordon attended a 
complete Course in this University, and obtained the de- 



gree of A.M. in April, 1823, having given full satisfaction 
to every Master he attended, not only by the regularity of 
his conduct and diligent application to his studies, but by 
a display of superior talent and more than ordinary pro- 
ficiency. That he gained the Mathematical Bursary by 
Competition, at the commencement of Session 1822-3; 
and, after having applied, under my direction, to the Study 
of the higher parts of that Science, during that and the 
following Session, and exhibited superior talent, he obtained 
the honorary reward of a Gold Medal, appointed by the 
Founder of the Bursary, to be given only on the condition 
of being certified by the Professor of Mathematics to have 
made some discovery or improvement of his own, deserving 
of that reward, and which Medal had only been granted 
once before, twenty-nine years ago. I further certify that 
he has maintained an unblemished character and good 
behaviour under difficult circumstances, and fully believe 
he will acquit himself with credit in any situation which 
it may fall to his lot to occupy. 

ROBERT HAMILTON, 
Professor of Mathematics, M. College. 
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Certificate by John Cruikshank, Esq., Professor of 
Mathematics in Marischal College and University, 
Aberdeen. 

Marischal College, Aberdeen, 4th April, 1832. 
I CERTIFY, that James Gordon, A.M. while a Student 
in the First and Second Mathematical Classes in this 
University, during Sessions 1820-1, and 1821-^ respec- 
tively, merited my highest approbation in every respect, 
and greatly distinguished himself by his progress in his 
studies. In 1822, he gained, by comparative trial, the 
Mathematical Bursary, an annual prize of £50, open to 
Students who have attended the above two Classes. 
During Sessions 1822-3, and 1823-4, he attended the 
Third aud Fourth Mathematical Classes, then taught by 
the late Dr. Robert Hamilton ; and, in 1824, the Senatu* 
Academicus conferred upon him a Gold Medal, appointed 
by the Founder of the said Bursary, to be given, at the 
close of their attendance, to such Mathematical Bursars 
as " have a fine genius for Mathematics," and are ''deemed 
to excel remarkably thereii]i^"^an honour conferred only 
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once before, vis. in 1795, although instituted in 1771. 
Since he left the University, Mr. Gordon has prosecuted 
the study of the higher branches of Mathematics with 
very great success, his attainments being such as justly 
entitle him to be called eminent in that Science. 

In 1826, after considerable previous experience m teach- 
ing, Mr. Gordon was appointed, by the Magistrates of 
Aberdeen, to the Office of Master of the Public Commer- 
cial and Mathematical School of this City, in consequence 
of the report of Examiners, of whom I was one, and before 
whom he imderwent, along with other two Candidates of 
great merit, a comparative trial, which lasted above four 
days. The duties of this office he has since then dis- 
charged with great steadiness, assiduity, and success. 
He has shewn unwearied zeal for the improvement of his 
Pupils; his arrangements for maintaining order and 
exciting emulation, have been very judicious ; and he has 
shewn the happy talent of conveying instruction and ex- 
plaining difficulties with great perspicuity. Of these 
matters, I have had good opportunities of judging, having 
been present officially at all the Public Examinations and 
Competitions for prizes in his School ; and many of my 
Pupils, in the several Mathematical Classes, having been 
under his Tuition, both before and during their attend- 
ance in the University. As one proof of his success in 
teaching, I may state, that our highest annual Mathema- 
tical prize, the Bursary above-mentioned, has been award- 
ed at seven of the last eight annual trials, to Students who 
had been Pupils of his. 

From Mr. Gordon's eminent attainments in Mathema- 
tical Science, his steadiness and industry, and his experi* 
ence and success in teaching, I consider him qualified to 
fill the Office of Professor of Mathematics, for which he 
is a Candidate, in the Belfast College, with great credit to 
himself and the College, and usefulness to the Public. 
JOHN CRUIKSHANK, 

Professor of Mathematics. 
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Certificate hy Olinthus Gregoet, LL.D., Professor 
of Mathematics in the Bjoyal Military Academy of 
Woolwich, and Fellow of the Boyal Astronomical 
Society; also. Corresponding Associate of the Aca- 
demy of Dijon, Honorary Member of the Literary 
and Philosophical Society of New York ; of the New 
York Historical Society ; of the literary and Philo- 
sophical, and Antiquarian Societies of Newcastle- 
upon-Tyne; of the Cambridge Philosophical Society; 
of the Institution of Civil Engineers, ^c, ^c. 

Having been informed by Mr. James Gordon, of 
Aberdeen, that he is a Candidate for the Mathematical 
Chair in the Institution at Belfast, vacant by the removal 
of Dr. Thomson to Glasgow, I most readily supply him 
with my humble Testimonial. 

From various Mathematical Papers of Mr. GordoB,:Some 
of which are addressed to nyself, while others have been 
published, I have no hesitatation in characterizing his 
scientific talents as of a high order, and his taste as 
formed upon the best models; while his acquirements are 
evidently sound and extensive. I have not had the op- 
portunity of knowing his habits as a preceptor; but, if 



they should in any way accord with his Theoretical skill 
(to which, I doubt not, other Testimonials will speak), he 
will be well qualified to occupy the important station in 
the College, sustained with such distinguished ability by 
Dr. Thomson. 

OLINTHUS GREGORY, LL.D. 

Professor of Mathematics, 
Boyal Military Academy. 
Woolwich, March 26th, 18S2. 



No. V. 



Letter from Alexander Anderson, LL.D., Professor 
of Mathematics in the East India Military Seminary. 

East India Military Seminary, 
14th March, 1832. 

My Dear Sir, 

I HAD the pleasure of receiving your letter, in- 
forming me that you intended to offer yourself as a 
Candidate for the Mathematical Chair in the Boyal In- 
stitution of Belfast, and requesting to know, whether from 
my knowledge of you, I could express a favourable opinion 
of your qualifications for the honour of holding that 
situation. 

My personal knowledge of you commenced soon after 
you had distinguished yourself, by gaining, by Public 
Competition, the situation which you now hold. I had 
previously learned, either from my venerable friend, the 
late Dr. Hamilton, or ftom Mr. Cruikshank, his Assist- 
ant, Professor of Mathematics in Marischal College, 
Aberdeen, that you had gained, by Competition with your 
Class-fellows, the Mathematical Bursary; and, that, soon 
afterwards, on exhibiting farther proof of great talent and 
proficiency as a Student of Mathematics, the Senatus 
Academicus were pleased to mark their high approbation 
of your merit, by presenting you with the Gold Medal— 
an honour which is conferred only in unusual cases; aud, 
in fact, had not been granted to any one for thirty years 
before. 

Since that time, during my annual visits to Aberdeen, 
or otherwise, I have had frequent opportunities of forming 
a fair estimate of your character. You have furnished me 
with occasional means of judging of your merit as a 
Mathematician, by sending me solutions, not only of Pro- 
blems which you had prescribed yourself, but- to two 
which I had' requested you to do for me. I have read your 
excellent little work, "The Elements of Arithmetic," and 
your demonstration of the Theorems of Lagrange, and 
Laplace, for the expansion of Functions, both of which have 
been before the Public for some time:— in all these, there 
are, in my opinion, evident marks of the original talent 
and proficiency which had distinguished you at the Uni- 
versity. They are all highly creditable to you; and, cer- 
tainly not less so, because they have been drawn up after 
the fatigue of seven or eight hours of daily duty in teach- 
ing a numerous School 

On the honourable Testimony of some of my most re- 
spected friends in Aberdeen, and on personal knowledge 
in one instance, I have ample reason to believe, that your 
success in communicating scientific knowledge to your 
Pupils has been very great, or generally co-extensive with 
their ability for learning, and the time they have remained 
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uuder your tuition. I receive the assurance of my friends 
with the greater confidence in this case, because, in "the 
Elements of Arithmetic/' where clear and obvious illustra- 
tion is the greatest merit of a teacher, you have scarcely 
left one solitary explanation throughout the whole work, 
the force and application of which the learner will not 
easily apprehend. And I observe, that this skill, or art 
of demonstration, is not confined to Arithmetic, but is 
generally remarkable in your solutions of Problems in the 
higher branches of Mathematics. 

I beg to assure you, that it will afford me smcere plea^ 
sure, if my humble opinion can be of any service to you. 
I am convinced you are well qualified for the efiicient dis- 
charge of the important duties of the situation for which 
you are about to offer yourself as a Candidate; and that 
your qualifications are such as to afford great promise of 
future excellence and public advantage, if it should be your 
good fortune to obtain the appointment. With my best 
wishes for your success, 

I remain. 
My Dear Sib, 

Yours very truly, 
ALEXANDER ANDERSON, LL.D. 

To James Gobdon, Esq., 
Fablic Commercial and Mathematical School, Aberdeen. 



No. VI. 



Letter from George Peacock, Esq., M.A., F.R.S., 
F.G.S., F.R.A.S., and F.C.P.S., Fellow and Tutor 
of Trinitf/ College, Cambridge^ and author of the 
following works: — A Treatise on Algebra; the 
Notes to, and part of, the Translation of Lacroix, 
on the Differential and Integral Calculus; a Col- 
lection of Examples of the Applications of the Dif- 
ferential and Integral Calculus, ^c. 

Trinity College, Cambridge, Feb. 14^ 1832. 
Sir, 

I BEG leave to thank you for yonr letter enclos- 
ing a demonstration of Lhuiller's Theorem; and also for 
a former letter, containing a demonstration of the Theo- 
rem of Lagrange. I think your demonstrations very 
complete, and possessing considerable elegance of form, 
and they give proof of a very great familiarity with some 
of the higher parts of Analysis. I have also referred to 
some of the papers of which you state yourself to be the 
author, and they furnish very favourable specimens of the 
progress you have made in the study of the higher parts 
of Mathematics. I should certainly think, from these spe- 
cimens, that you are qualified, as far as knowledge is con- 
cerned, for filling the Mathematical Chair at the Belfost 
Institution, and I heartily wish you success in your can- 
vass to obtain it. As I have not the advantage of a per- 
sonal acquaintance with you, it is quite impossible for me 
to speak of your other qualifications for such a situation. 
Believe me. 

Sir, 
Your most obedient Servant, 

GEO. PEACOCK. 

To Mr. Jakes Gordon, 
Commercial and Mathematical School, Aberdeen. 



No. VIL 

Certificaie by the Rev. Robert J. Brown, A.M., 
Professor of Greek in Marischal College and Uni- 
versity, Aberdeen, 

Marischal College, March 19, 1832. 
I HEREBY certify, that as an official Visitor of the Public 
Mathematical, Geographical, and Arithmetical School, in 
this City, taught by Mr. J. Gordon, I have several times 
visited that Seminary, and have had reason, in common 
with the other Visitors, to express my very warm appro- 
bation of the talent, zeal, and diligence of the teacher, and. 
of the attainments of his Pupils. Further, it gives me 
great pleasure to have an opportunity of stating, that Mr. 
Gordon is considered, by the most competent judges, as 
a Mathematician of no ordinary abilities; that he is most 
ardent in the pursuit of the Science to which he has de- 
voted himself, and that I have every reason to regard him 
as an individual highly qualified by his experience, his 
habits, his acquirements, and his general character, for 
being a public instructor in his own particular depart- 
ment of knowledge. 

R. J. BROWN, 

Profr. of Greek. 



No.* Vin. 



Letter from William Wallace, Esq., A.M., F.R.S.E., 
Professor of Mathematics in the University of 



Edinburgh, 25th January, 1832. 
Dear Sir, 

Li answer to your letter requesting my 
opinion as to your fitness to teach the Mathematical 
Sciences in the Academy at Belfast, I most willingly de- 
clare, that I entertain a high opinion of your acquire- 
ments in the Mathematical Sciences. Besides, what I 
learned when I had the pleasure of seeing you in Edin- 
burgh, from the communications which I have received 
and seen, I betieve that you would fulfil the duty to be 
performed at Belfast, with credit to yourself, and advan- 
tage to the EstabUshmeut. 
Wishing you all success in your application, 
I remain. 

Dear Sir, 

Your most obedt. Servant, 
• W. WALLACE. 

To James Gordon, Esq., 
Commercial and Mathematical School, Aberdeen. 



No. rx. 



Certificate by William Knight, LL.D., Professor of 
Natural Philosophy in Marischal College and Uni- 
versity, Aberdeen. 

Marischal College, Aberdeen. 
26th March, 1882. 
I CERTIFY, that Mr. James Gordon passed through a 
regular course of Study in this University, with the 
esteem and approbation of all the Professors, during the 
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period of four yean; %fter which, he received, in 1823, 
the degree of A.M. That he has since been constantly 
employed in Teaching Public Classes in all the branches 
of Mathematical Science, to which he has applied rery 
great natural powers of mind, and uncommon industry. 
In the year 1826, he submitted to, and went through, a 
very strict trial of nearly five days for the situation of 
Master of the Mathematical School of Aberdeen, and 
acquitted himself so admirably in all the branches of 
Examination, that he was unanimously recommended by 
the Examiners (of whom I was one) to the Magistrates of 
the City, as well qualified to discharge the duties of that 
office, which he obtained from the Patrons in consequence 
of this report. That it is further consistent with my 
personal knowledge, that Mr. Gordon has since been 
constantly improving himself in the Mathematical 
Sdenoes, in which his equal in proficiency is rarely to be 
found; that the ability and order displayed by him in 
conducting the Seminary over which he presides, are very 
great, and have been successhilly exerted in rearing many 
excellent Scholars ; and that the habits of Teaching which 
he has acquired and put in practice, render him an ex- 
ceedingly proper person to receive the charge of a higher 
situation, like that which he is now a Candidate for in 
the Royal Institution of Belfast. 

WILLIAM KNIGHT, LL.D , 
Prof.ofNat.PhikMophy. 



No. X. 

Letter from John Tulloch, Esq., Professor of 

Mathematics in King*s College and University, 

Aberdeen. 

King's College, 10th April, 1832. 

Dbar Sib, 

Having understood that you intend to 
become a Candidate for the Professorship of Mathematics 
in the Belfast Institution, I cheerfully joiu your other 
friends in bearing my humble testimony to yorar being 
eminently qualified for performing aright the duties of 
the office to which you aspire. To your great attain- 
ments in Mathematical Science, you have added the art 
of communicating your knowledge with ease and success 
to your Pupils; and this latter qualification cannot fail 
to attract the favourable notice of the Electors; for it not 
unfrequently happens, that a man may possess great 
stores of Literature and Science, and yet be deficient in 
the happy art of commimicating his knowledge to others. 
The progress which you have already made in the Mgher 
branches of Analysis, gives us the promise of your soon 
attaining to distinguished eminence in a Science, in the 
cultivation and extension of which, Lagrange, Laplace, 
and others, have acquired an imperishable name. I can- 
not, therefore, but desire to see you occupy a situation in 
which you would have more time to devote to those 
studies than you now have. 

Sincerely wishing you success in every thing that can 
contribute to your welfare, 
lam. 

Dear Sir, 

Yonrs very truly, 

J. TULLOCH. 

To Mr. GoBDON, 8cc. &c. 



No. XL 

Certificate by the Rev. John Murray, A.M., Mink- 
ster of North Parish, Aberdeen. 

I HAVB much pleasure in bearing Testimony to the 
talents, qimlification, and character, of Jambs Gordon, 
A.M., Teacher of the Public Commercial and Mathema- 
tical School in this city, as Candidate for the Professor- 
ship of Mathematics in the Boyal Academical Institution 
of Belfast. Mr. Gordon's attainments in Mathematics 
are so distinguished, while his method of communicating 
knowledge is so approved and successful, that he would 
do credit to any Academy or University nn the Empire. 
Securing, in no common degree, the respect and attach- 
ment of his Pupils, he imbues them with something of his 
own enthusiastic ardour and indefatigable industry, in the 
prosecution of Science, the benefit and effects of which 
appear in their general progress, which is equally credi- 
table to their teacher and themselves. 

Mr. Gordon's character is entirely suitable to the im- 
portant office of an instructor of youth ; and I consider 
him in all respects eminently qualified for the honourable 
situation after which he aspires. 

JOHN MURRAY, A.M., 
Minister of North Parish, ikberdeen. 

Al^erdeen, 33d May, 1833. 



No. XII. 



Certificate by James Davidson, M.D., Professor of 
Natural and Civil History in Marischal College 
and University, Aberdeen, 

Aberdeen, 30th May, 1833. 

I HEREBY certify, that Mr. Jambs Gordon, Master of 
the Public Mathematical School of this City, was regu- 
larly educated at Marischal College, and distinguished 
himself in all the Classes, as a most correct, attentive, and 
highly talented Student ;— that duringthetimehe#ttended 
my Class, I had every reason to be satisfied with his ap- 
plication, abilities, and progress in learning; and that I 
have had opportunities of knowing privately, and of ascer- 
taining publicly, his great attainment to the prosecution 
of Mathematical Studies, but particularly in the higher 
departments, and the almost unrivalled progress he has 
made in general Analysis, and its application to the illus- 
tration of many of the more difficult investigations in 
Physical Science. 

And I farther certify, that I have had a son of mine 
under his tuition ; and from the progress he made, and 
from the excellent mode Mr. Gordon has of instructing 
his Pupils, I have no doubt of his being eminently quali- 
fied for the situation at Belfast, for which he is at preseut 
a Candidate. 

JA. DAVIDSON, M.D. 
H.N.andO.P. 
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The New LUNAB and TIME TABLES, 



JAMES GOEDON, A.M. 
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Adapted to New, Short, and Accurate Methods for finding the Lonptude by Chrono- 
meters and Lunar Distances : including methods of applying Corrections to a Lunar 
Distance for the Spheroidal Figure of the Earth, the Apparent Elliptical Forms of 
the Sun and Moon, and for the Temperature and Density of the Atmosphere. 
•With an Appendix, containing four additional new Lunar Methods, demonstrations 
of the Rules, and Mathematical Formulae for constructing the Tables. Approved 
of by the Astronomer Royal, and others. Bound in cloth. Price. . . 10s. Od. 

* The Court of Bixectors of The Honoiirahle the East India Company have been 
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RBCoiciiK3esr»ATZOiars. 

I. — By the Astronomer Royal. 

The mathemaiieal pari, as far as I see, is correct to terms of the second order, in- 
clusively : which is the proper limit foe Lxmai* oaicBlatioasj 

The practical application of tne First Method is easy ehongh. It is more accurate 
than Mrs. Taylor's method ; and the increase of trouble is so little that I should think 
any good navigator would prefer it : / vfouid do so myself. 

I am well satisfied with your First Method ; and, I think, it may safely be used for 
lower altitudes than you have proposed. 

(Signed) . G. B. AIRY. 

Note, — The above was written by Professor Airy in 1839, when a specimen of the 
Tables was published, extending only to Altitudes of 15°; whereas they now extend to 
Altitudes of 7°. Professor A.'s remark regarding the present method being more 
accurate than Mrs. Taylor's method, equally applies to the similar methods of Thomson 
and others, as they are all founded on the same principles. 



II. — Certificate numerously signed by Experienced 
Commanders of Vessels. 

We, the undersigned* having examined a specimen of Lunar and Time Tables, by 
James Gordon, A.M., containing methods for correcting a Lunar Distance, and a 
method of finding the Time at Sea: Certify, that, in as for as known to us, these 
methods are neW; and, that they will, in oar opinion, be highly usefiil in conducting 
the calculations for finding the Longitude at Sea. 

As the first two Lunar methods are short, and do not require proportional parts, a 
knowledge of them may soon be requii-ed ; and the correcting a Lunar Distance by 
means of them will be an easy and brief process. 

The method of finding the Time at Sea is the shortest and easiest of any known to us. 

liVe, therefore, ooi^iuly testify thi^ the -Tables will be- an impotfatit acquisition to 
practical Navigators.- 
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III. — Letter from Admiral Sir Arthur Far quhar. 

I HAVE no hesitation in saying that, with practical seamen, in working Lunar observa- 
tions, brevity is of the utmost consideration ; provided correctness can be, at the same 
time, secured ; and which, in my opinion, your method completely accomplishes. 

(Signed) ARTHUR FARQUHAR. 



IV. — Letter from Lieutenant Reidy i2,/V., 

ONE OF THE OFFICERS IN CAPTAIN FARRy's EXPEDITION TO DISCOVER THE NORTH 

WEST PASSAGE. ^* 

I HAVE examined your method of clearing a Lunar Distance, having applied it to 
several of my observations, and found the results were very correct and satisfactory. 

I am much pleased with your new method, as being so plain, short, and correct ; also 
of its requiring no proportioning, the operation being condacted by inspection, and the 
common Logarithms extended to only four places Of decimals: properties of great 
importance to the prieictical navigator, from the greatt Hability^to err in using proportional 
parts. 

Your method, by avoiding the use of a table of triple entry, such as that of Thomson 
and others, will be appreciated by practical seamen ; and only requires to be known to 
be universallv adopted by them. 

(Signed) ANDREW REID. 



V. — Letter from George Grainger^ Esq., late H.E.LC.S. 

I HAVE carefully examined your method of working Lunar Distances, and have solved 
various examples by means of your Tables. I have no hesitation in saying that the 
method is, as far as I am aware, perfectly new ; and possesses decided advantages over 
every other method with which I am acquainted. The method only requires the aid of 
a few special Tables, and the whole calculation is performed by inspection, and by 
means of the common Logarithmic tables, retaining only four places of decimals : it 
cannot, therefore, but recommend itself, at once, to practical seamen, from its extreme 
simplicity. 

Farther, your concise Tables give your method a decided advantage over such works 
as that of Mendoza Rios ; as also over those of Captain Thomson, Mrs. Taylor, &c., 
which contain a table of triple eatry. 

Your method being sound in principle, easy of application, requiring no hesitation 
from the computer, and one which none can fail to rememl)er after . solving a few 
examples : I believe I am only doing justice to yourself, and an essential service to sea- 
men, in bearing the strongest testimony to its superiority over every other method 
which I have used or seen. 

(Signed) GEORGE A. GRAINGER. 



VI. — Letter from Captain Anderson, of Aberdeen. 

I HAVE with much pleasure examined yoor method of working Lunar Distances, by 
applying it to many examples deduced from my own observations ; and, by comparing 
the results deduced from the trifpnometrical process with those obtained from your 
Tables, I have in every instance found your method gives an accurate and easy solution. 

Conceiving, therefore, that your method, by avoiding such troublesome triple entry 
Tables as that of Thomson and others, and giving a short solution conducted entirely by 
inspection, will be acceptable to every practical seaman > I feel confident that, if once 
known, its merits will be generally appreciated. 

(Signed) . ROBERT ANDERSON. 
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Thus, if tbe AppareiU Distance ia 2^ 19'. the ihiturttf c^f ihc Star, S"" 29*, and (he 
altitude of the Mooii, 24' 9' : Hie nexntt of the»« in tlic Taljlt! wre Di*„ 20", ^ *i alU, 
6°i }> '6 alt.f 24'^ ; and, if the correapondia^ corri^ctiuji n Ukeii, it is 6' &^ ; wb«reaH it 
ahould be S' 25'\ or 40'' Iijss, which would give an frrt/r of a^iouL 20 utLEs in Lenffitudf. 

To find the correction 5' 25'^ the reqiu&ile cJilcuIjitioB U u foUawi : 

Under Dittance 20% 

^'■alL 6°aiid J>*BaU, 24' jfi^eCorfeciion , . . - 6' 5" 

r;Z9':;-r 9'" : Variatlun for 29' of ^'s alt.* . . ^ -* 33 

T: a':: + U*' i Variatioti for 9' of ]) 's alt,, . . ° + 2 

Therefore, Dist. 20' , ^'s alt. 29', and ]j 'a atL 24 9' give Correction - 5 34 
In the atwvcT the correution, oppoiile to > *i alt» 24* and under ^'i alt. 6", h 6' 5" j 
and opposite aame alt. of Moon and under ^'i alL 7% [| b 4' 56^, Therefore, the 
variation for V of :?f 'a alL is— t' S*'. Apin, under -jf '& alt. 6* and oppotite to )' '» alt, 
24°, the correction it 6' &" ; and onder same alt. of SUr, tod oppoute to ]» *i alt. 25°t 
it is 6' 19*. Therefore, the variation f or T of ]> '* alt. i* + 14"* 

Again, under Distance 24% 

^*i ftJt. 6" and J *i alt. 24"* five Correction .... - 5' 33" 

P s 29' ! I- r 4^^ I Variation for 29' of ^'» all, = - 31 

r : 9' J : + 14" ! Variation for 9' of 3j 's alt. . . . = * 2 

Therefore, Dat. 24*, # 'i alt. 6 29', and ]) 's alt. 24 ' 9' give Correction = 

lie nee, 
aa Dill. 20° and given aLtitUftei ^ve Correct iou 
aud Diit. '^4^ and givea altitudea five Correction 

Variation for 4"" of Dist^ 

1* ir J :-30' t Variation for T 19' of DisL 
^iat. 20^ and given iltitudcs give Correction 

p given Dist* 21" W and given altitudes give Correction . = 5 2S 

" *^f performing at] the ahove pru port ions, ihe correction, in roany cases, is 

^fid ; as ap|jcart from enaniining the tahular dilfereneca. Thus, for 

r^ite lo ]) 's alt. 24% we have under ^\ ilIl. \>\ the correction 

It is 4' &6'' J under B% it it 4' 9" \ nmltr 0\ it is 3' tW\ &e. : the 

I are— V 9", -- il'\—AV\ Ac. From which it apjiears that common 

; give the correct variation for the mlnutea of altitude not found in 

|lltl be corrected hy the method of «ei^nd diaferciicei, on accotiul of 
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the second of these tatilea with this arc and the apparent 

\^b/b Distance ij obtainecL These tables contain arci which 
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PREFACE to the NEW LUNAR and TIME TABLES. 

** NuMBROus methodi having been proposed to perform the calculations in finding 
the Longitude at Sea by Chronometers and Lunar Distances, the Author feels called 
upon to give his reasons for thinking that the present work will be found worthy of the 
patronage of practical Navigators, as being superior to the other works of a similar 
kind presently used by them. 

The common method of finding the Longitude by a CHRbNOMBTBR is not very 
complicated; but the new method here given is shorter, as it merely requires a Table of 
Half Sines and Half Cosines (Table XV (L), consisting of only 7 pages, and two 
logarithms taken from the common table of Proportional Logarithms, to find the 
logarithm of the apparent time, vrithout using the Polar distance. The Author, therefore, 
flatters himself that it will be found to be /Ae eane«/ and shortett method yet published. 

With regard to the methods of finding the Longitude from Lunar Distances, 
several methods are now in use. Those which give the Correction to be applied to the 
Apparent Distance, in order to obtain the Tnie Distance, are the most highly esteemed 
by practical Navigators. As these methods are all similar to each other, although they 
difi^er slightly in form, we shall particularize only one of them, viz., Thomson's Mbtbod, 
in order to show what is deemed to be the superiority of the present Tables over others. 

Firaty as regards the mode qfcotutruetiug the TabUa, Referring to Thomson's Tables, 
Baron Zacu (hi the Memoirs of the Royal Astronomical Society, Vol. iv.. Part ii..) 
makes the following statement : — * The Author (Captain Thomson) does not explain 
the principles on wMch they are founded. I have not been able to d[iscover the grounds 
on which the third correction is computed; and, indeed, it appears it has been deter- 
mined in an indirect and empirical manner.' This is confirmed by Mr. Coleman (who 
has lately published Tables similar to those of Thomson), aind claims having suggested 
the aforesaid indirect and empirical method to Captain Thomson. On this we may 
remark that Tables which are calculated by a long and tedious indirect method, such as 
that referred to, are very liable to contain errors : owing to the chance of the computer 
making mistakes being greater than when he uses direct mathematical formnis, which 
afford him checks at certain intervals to test the accuracy of his calculations. The firat 
point of auperioritjf, therefore, which is claimed for the present Tables, is that they are 
constructed from Mathematical formultB diicovered by the Author, and which have 
been examined by Mathematiciana of the higheat celebrity^ and found to be correct. 

Secondt that Captain Thomson's Tables cannot give correct reaulta in alt caaea may 
be thus proved. The third correction depends upon the parallax of the Moon, whereas 
the changes in this element are entirely neglected in Thomson's Tables. 

Thus, if the Apparent Distance be 20°, the apparent altitude of the Moon 20^ and 
the apparent altitude of the Star 20°, also the Moon's horizontal paralhix 53": then 
Capiaiu Thomson's method of calculating his third correction is as follows. 

The True Distance must be calculated by any direct method : and it will be found to 
be = 1 9° 58' 4". Then the flrat and aeeond corrections must be found : they are 4'' 7' 0", 
and b'' 49' 48". These corrections being added to the apparent distance 20°, and lO"" 
rejected, the sum is 19° 56' 48'' : the difference between which and the True DisUnce 
19^ 58' 4" is r 16" = the third correction. But, in Thomson's Table of the third cor- 
rection, it is r 28" : showing that he has not calculated his correction for parallax 53'. 

Again, if we take the same altitudes and distance as above, but suppose the Moon's 
horizontal parallax to be 61', the True Distance vrill be found to be 19^" 57' 57" : and 
the firat and aeeond corrections « 3° 59' 0" and 5° 57' 20". The sum of these cor- 
rections and Apparent Distance 20°, rejecting 10°, is 19° 56' 20": the difference between 
which and the True Distance 19° 57' 57", is I' 37"-»Mtrrf correction. 

Hence, when the Moon's parallax is 53', the third correction is 1' 16" ; but, when the 
partUlax is 61', it is 1' 41", the difference of which is *il". 

I.istead, therefore, of the correction remaining co^ant whatever the parallax of the 
Moon may be, it is shown here to vary 21": neglecting the parallax, therefore, might 
occasion an error of 21" in the Distance, or about 11 miles in Longitude. 

The present method, however, takes into account the |)arallax of the Moon, and thus 
avoids the error above specified : this u the aeeond point of auf/eriority of our method. 

Thirdt as regards the form of the Tablea. Captain Thomson gives his third correction 
in the form of a table of triple entry : the arguments being the altitude of the Sun or 
Star, from 6° to 86°, at the top of the pages, the altitude of the Moon, from 6"* to 86°, 
in the side column, and the Apparent Distance at the top of the two pages containing 
these altitudes. This form of a table often causes considerable trouble in finding the 
correction from it. . 
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Thus, if the Apparent Distance is 2r 19", the altitude of the Star, 6"* 29^, and the 
altitude of the Moon, W9': the nearest of these in the Table are Dis., 20<», ^'s alt. 
6^ ]) 's alt., 24*^ ; and, if the eorresponding correction is taken, it is 6' 5^ ; whereas it 
should be 5' 25'', or 4^ less, which would give on error of about 20 milks in Longiiud§. 

To fiud the correction 5' 25'', the requisite calculation is as follows : 

Under Diatanoe 20*", 
^'s alt. e"" and D 's alt. 24"* give Correction . » 6' 5^^ 

1° : 2^ : :- r 9" : VariaUon for 29^ of ^'s alt., . . - - 38 
Vi 9':: + 14" : Variation for 9' of J) 'salt., -_+__2- 

Therefore, Dist. 20'', ^'s alt. r 29', and D 's alt. 24'' 9' give Correction* 5 34 
In the above, the correction, opposite to > 's alt 24'' and under ^'s alt 6% is 6' 5"" ; 
and opposite seme alt of Moon and under ^'s alt. 7^ it i»4' bV, Therefore, the 
variation for l*" of ^'s alt is-l' 9^. Again, under ^'s alt. 6® and opposite to D 's alt 
24*^, the correction is 6' 5''; and under same ah. of Star, and opposite to > 's alt 25'', 
it is 6' 19^. Therefore, the variation far l*" of >'s alt U -h 14''. 

Again, under Distance 24% 

^'s alt 6** and D 'salt 24** give Correction - 5' 33*' 

l** : 29' ::-!' A" : Variation for 29' of ^'s alt - - 31 

I'' : 9' : : + 14" : Variation for 9' of D 's alt . » ♦ 2 

Therefore, Dist 24% ^ H alt e 29', and ]) *8 alt 24'' V give Correction » 5 4 

Hence, 
as Dist. 20" and given altitudes give Correction » 5' 34" 

and Dist. 24° and given altitudes give Correction >■ 5 4 

Variation for 4° of Dist . . 



4'* : l** 19' : :-30' : Variation for 1° 19' of DUt 
But Dist. 20° and given aHitudes give Correction 

Therefore, given Dist 21° 19' and given altitudes give Correction 



« -30 

- - 9" 

- 5' 34" 



» 5 25 



But, even after performing all the above proportions, the correction, in many cases, is 
not accurately found ; as appears from examining the tabular diilierences. Thus, for 
Dist 20° and opposite to >'s alt 24°, we have under ^'s alt 6°, the correction 
-6' 5"; nnder 7 , it is 4' 56"{ under 8°, it is 4' 9" ; under 0°, it is 3' 28", Ac. : the 
dUrerences of which are— 1' 9", —47",— 41", &o. From which it appears that eommon 
proportion would not give the correct variation for the minutes of altitude not found in 
the table : as this must be conreeted by the method of second diflbreoces, on aocount of 
the tabular diiferences vaiying considmbly. 

Such a Uble, therefore, as that of Thomson's would often occasion important errors if 
it is used by inspection ; and to proportion accurately is troublesome. To remove this 
cause of error and difficulty in proportioning, we have formed two Tables (viz., V. and 
VI.>, of doable entry instead of a table of triple entry : from the first an auxiliary arc is 
found; and, by entering the second of thoe tables with this arc and the apparent 
distance, the correction of the Distance is obtahied. These tables contain arcs which 
vary very little from each other; consequently, to use them, requires merely inspection : 
this is the third point •fnperwriiy of oar method.'* 



2. 

TheEXAMlNEK for the NATIONAL MABINE BOARDS. 

This Work was intended for the use of Commanders and Masters of Vessels, who are 
desirous of obtaining a Certificate of Qualifications from any of the Marine Boards 
now established in the United Kingdom, in accordance* with the Regulations of the 
Lords of the Committee of the Privy Council for Trade. 

An Appendix is annexed. The First Part contains Rules for finding the various 
quantities used in Nautical Astronomy, from the Nautical Atananack, with the 
requisite degree of accuracy. The Second Part contains a very extensive collection 
of Nautical and Astronomical Definitions. These are generally given very briefiy in 
Treatises on Navigation; but as the London Marine Board requbes a thorough 
knowledge of them, they are here given very fiilly, and with copious notes in 
explanation. By Jambs GonnoH, A.M. Bounid in doth. Arice 5s. Od. 

The Author flatters himself that this little work will enable any one, who studies 
it carefully, to acquit himself creditably at his examination befors any of the Marine 
Boards. 
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3. 

Captain Sumner's Hethod of Finding a Ship's 
Position at Sea, 

Improved and simplified ; containing the Solution of the Donhle Altitude Problem by 
projection ; and a New Method of finding the Time at Sea, which is conceived to 
be the shortest and easiest of any yet published. By J abies Gordon, A.M. Bound 
in cloth. Price 78. 6d. 



The Catechism of 
NAVIGATION and NAUTICAI. ASTRONOMY, 

Being a series of oomprehenslTe Questions aofd Answers, anabling the Student toeiamiae 
himself before applyhig for his Certificate to the Board. of SzaminatiM lately 
established by order of the Trinity House ; to which are added some rules for 
finding the Stars, remarks upon the Barometer, &c. (Second Edition.) By James 
GaiFFiN. Bound, cloth. Price 2s. Od. 



The NAUTICAL EPHEHEKIS 

For 1849, 1850, and 1851 ; containing the Sun's Declination, ^ht Ascension, and 
Equation of Time. The Moon's Declination, Semi^diameter, and proportional log 
of her Horizontal Parallax for mean noon and midnigl^t of Greenwich time, and her 
mean time of passing the Meridian of Greenwich. The Declinations, Right Ascen- 
sions, and Meridian Passages of the planets Venus, Mars, Jupiter, and Saturn, 
together with the Lunar Distance between the Moon's bright limb and the nearest 
Umbs of the Sun, Stars, and Planets, lor every three kQurs of Greenwich mean time. 
By Jambs Gordon, A.M. 3s. Od. 

6. 

Treatise on TRIGONOMETRICAL SURVRTING: 

Containing full and detailed Solutions of all the most important cases of Triangulation 
that usually occur in the surveying of a Country or a Sea Coast. The Principles 
herein disonssed being of the utmost utility in determining the positions of remote 
and prominent objects, whether on land or at sea. The whole illustrated by 
numerous Diagrams, showing the Method of constructing and calculating the several 
Cases and Varieties treated of in the Work. By William TtrRNBULL. Bound in 
clol^ Price 7s. 6d. 

7. ■ 

A New Practical System of 
SPHERICAL TRIGONOMETRY; 

Comprising the Stereographic Projection of the Circles of the Sphere, together with the 
Construction and Calculation of all the Cases of Right and Oblique Angled Spherical 
Ttianglesi the caleuktions being performed by vie$ns n( Til>ular FormulaB of easy 
reference and application, deduced from the Development of a Spherical Trehedral 
Figure on a IMaue. The whole being illustrated by numerous Diagrams, and 
particularly adapted 'for the use of Geographers, Navigators, and Astronomers. 
By William Turnbvll 7b. 6d. 

8. 
THE MARINER^S NEW DAILY ASSISTANT, 

Containing the application of Plane and Spherical Trigonometry to Practical Navigation 
and Nautical Astronomy; with a method of finding the Latitude by Meridian 
Altitudes ; and a Journal of a Voyage from London towards Madras, the whole fully 
illustrated by sioiple Rules and Examples to complete the young student; an 
Appendix, containing an extensive Set of Requisite Tables, with a copious Explana- 
tion of theit use in the computation of the different Cases in Practical Navigation, 
and in the solution of other Problems in Nautical Astronomy. By Jabces Griffin. 
Demy 8vo., neatly bound in sheep 6s. Od. 
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9. 

Epitome of Practical If aTlgifttion and 
Nautical Astronomyy 

Dedicated by permission to the Lords Commissioners of the Admiralty, containing the 
latest and most approved method of ascertaining^ the Latitude, by Meridian Single 
or Doable Altitude, the Loi^tude, by Chronometer or Luoar Observations ; and 
the Variation of the CkMD.f>as8 by Azimuths or Amplitudes } including a Journal of a 
Voyage from L«iidxm towards Hadraa, as far as Madeira; the whole illustrated by 
simple Rules, followed by a suffldent number of JBxampIes and IS^ercises .to complete 
4he young Student; to which is addisd an -extensive set of requisite . Tablies, with a 
copious isplanatioB of their use, In the computation, of several A&tnonomical 
Pcoblems, and for finding the Sun's Declination, Right Asoeaslon, and Squaitjion of 
Time u|f4o 1907,. b|y ^, most suiiple and concise method, approved of at the Royal 
Observatory, jGreenwlclv . By James 6biffin« Demy 8vo., neatly bound in 
calf. . . ;. . . , . ... . . Usw ; shieep, 10s. 

10. • 

The CHRONOMETtSR'S COMPANION, 

Or Perpetual Solar Almanack, confaihing the Sun's Dectinaitlon, Right Ascension, and 

Equtttion of Time to 1969; with easy methods of findinig the Latttttde by the 

Meridian Altitude of the Sun, Moon, and Stars, and likewise' by ^e Pole Star at 

> a»y time. By James Geiffin. Bound, doth * . . : . . . . > 2s. Od. 

11.' 
The OHRONOMETSR^S COMPANION, 

(Enlarged Edition), containing methods for finding the Latitude by Meridian Altitudes ; 
by the redqotion to the Meridian; by the change of Altitude in one minute of time. 
The Longitude by Chronometer, without any assistance from the ship's latitude or 
the Nautical Almanack, together with the true latitude in at the same time ; and 
Tables of the Sun's Declination ai|d Right Ascension; alsp the Equation of Time to 
the year 1907r By James Gbiffin. Bound, doth. Price ' . . . 5s. Od. 

IS. 

The mariner's Practical and Sure Guide to the 
Board of Examination. 

First Series, containing instructive Problems and Questions in Navigation and Nautical 
Astronomy, adapted to the course of examination pursued by the National Marine 
Board, to which is added a Key illustrating each question, with method of working, 
arranged for the several Classes^ Second Series, containing a Selection of 
Geometrical Theorems, from .£ucUd and other eminent M^rks,' sufiident to prove 
and demonstrate all coinputation and rules connected with the theory of Trigono- 
metry, Plane Navigation, and Doctrine of Arithmetical Propositions in general, 
together with the Prmciples and use of Logarithms. By James Griffin. Bound 
in cloth. Price . • . . . . . . ' 1 : . . 5s. Od. 

13. 

The Tables of the &un's Declination and 
Equation of Time. 

With full Eix]^nations for their use,. for the years 1849, 1850, 1851, 1352, 1853, and 
1854. By James GRiFFUf • , ' . . Is. Od. 

14. 
TABLES of the TONNAGE of SHIPS, 

Calculated according to the Rules prescribed by Law, including every description of 
Vessels, from 12 to 600 tons : together with a complete Explanation of the Methods 
of Admeasurement, both by. the New and Old Methods. Price . . 4s. Od. 
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15. 

The PBA€TICAL NAVIOATOB, 

NAUTICAL ASTRONOMER. 
BY JAMES GORDON, A.M. 

For finding the Latitude by Meridian Altitudes, and by the AHitnde of the Pole Star, 
at any time; the Longitude by Chronometer, without the use of the Nautical 
Almanack, up to 1907 ; also by Lunars, without the application of Semi-Diameters, 
or H. P. To which is added a SET of LUNAR DISTANCES, for 1849, 1850, and 
1851. With an Appendix, containing Methods for finding the Latitude by the 
Reduction to the Meridian by the Change of Altitude in one minute of time. 

Bound in cloth. Price . '. 10s. Od. 

Note.— This Work is especially designed for the use of the PRACTICAL NAVI- 
GATOR. The Tables, which have been constructed with great care and labour, will 
enable him, by very short and easy Rules, to determine his Latitude and Longitude 
without any assistance whatever from the Nautical Almanack ; a work which, indepen- 
dently of its annually recurring expense, cannot always be procured in foreign countries. 
The future annual editions of the Work will, in like manner, contain the Lunar Dis- 
tances for the three years following their poblioatioB respectively. By this method a 
distance may be cleared without the troublesome preparations hitherto indispensable. 

To show the superiority of the Method of correcting the Lunar distance given in the 
Practical Navigator, the two following examples are annexed. 

Ex. 1. February 10th, 1851, in Latitude SO'' N. and Longitude 60*" W. by account, 
at 2^ 40"> 11' P.M., ship's time, the observed distance between the Sun and Moon was 
107*^ 12' 30'' when the chronometer showed 6^ 40" 20« p.m., Greenwich time, the 
observed altitude of the Sun's lower limb being 31^ SO', and that of the Moon's lower 
limb 30^ 2&, ihe ^e being 20 £set above the sea, and the index enor of t&e seactant that 
measured the distance + 1 14". Required the mean time at Greenwich when the distance 



was taken? 

Obs. alt. }) 30** 26' 
Cor. + 12 


Obs. alt O ZV 30' 
Cor. + 12 


SO 38 log. 2928 
Greenwich time, 6» 40" 20* Tables A & B 4924 
Obs. Dis. cor. 107° 13' 44" Ist log. 4962 


31 42 log. 2795 

4924 

2d log. 9-9789 


Ist Cor. 4** 50' 35" P.L. 1-2814 
2d Cor. 4 28 3 
3d Cor. 2 26 


P. L. 7508 


True Dist. of limbs 106 35 8 

Dist. in Ephem^ris 106 13 52 log. 7165 


Time 6^ 0« 0' 


Difference 26 16 P.L. 9276 




P.L. 6441 


gives 40 51 


Mean time at Greenwich 6 40 51 



Ex. 2. May 6th, 1851, in Latitude 51° 10' N., and Longitude 50° 30' W. by account 
at 2** 30" 30" P.M. ship's time, the observed distance between the Sun and Moon was 
66° 9' 45", the observed altitude of the Sun's lower limb being 34"" 10', and that of the 
Moon's lower limb 43° 9', the eye being 18 feet above the sea, and the instrument having 
no index error. Required the mean time at Greenwich when the distance was taken ? 
Obs. alt. }) 43° 9' Obs. alt. O 34° 10' 

Time at ship, 2^ 30« 30- Cor. + 12 Cor. 12 

22 , 43 2i log. 1634 34 22 log. 2483 

4879 



Longitude in time, 3 
Greenwich time, 



Obs. dist. 

Ist Cor. 
2d Cor. 
3d Cor. 

True distance of ^mbs . . . 
Distance in Ephemeris . . . 

Difference, 



5 


52 


30 


66 


9 


45 


5° 
4 


ir 18" 

24. 1 
1 34 



43 2i log. 1634 

Tables A & B 4879 



1st log. 
P.L. 



3658 
1-0171 



2d log. 
P.L. 



9-9630 
0-6992 



65 52 38 
64 20 

1 32 38 



log. 7273 Time 3* 0" 0- 

P. L. 2885 

P.L. 0158 Gives 2 53 35 

Mean time at Greenwich, 5 53 35 
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